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I. Observations on the Electric Discharge. By M. Pucker. 
[Continued from vol. xvi. p. 418.] 


On the Actiun of the Magnet upon the Electric Current, from a 
new point of view. 
76. 7 pase rotary motion of a magnetic pole around the con- 
ducting wire, and of the conducting wire around a 
magnetic pole, are phenomena which, on their discovery by 
Faraday, arrested the attention the more, because they were not 
connected by analogy with any previously observed phenomena. 
Laplace and Biot, by considering the action between the pole 
and a single element of the linear conductor of the current, 
obtained an elementary force whose magnitude is inversely pro- 
portional to the distance between the pole and the current- 
element, and whose direction is perpendicular both to the direc- 
tion of the stream-element and to that of the straight line con- 
necting this element with the pole. This force, which is reversed 
in direction both by an inversion of the magnetic polarity and 
by an inversion of the direction of the current, would move the 
stream-element, if it were free to move, parallel to itself, in a 
circle around the line which passes through the pole and is 
parallel to the stream-element. 

If, instead of the imaginary polar point, which must always 
be a mathematical fiction, we place a magnet of arbitrary form, 
then in determining the direction of the force, the straight line 
passing through the pole becomes replaced by that magnetic 
curve which is perfectly defined in position by passing through 
the current-element. There is no force present either to change 
the direction of the current-element, or to force it along the 
magnetic curve to a point of greater magnetic activity. 

i pa ai by Dr. F. Guthrie, from Poggendorff’s Annalen, vol. civ. 
: Phil. Mag. 8. 4. Vol. 18. No, 117. July 1859. B 
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77. The above gives, in the form of an integral, the expres- 
sion for the total action of a magnet upon a current whose con- 
ductor is a linear one of arbitrary form. It has, however, been 
assumed here that this form remains continually unchanged. 
We obtain a new point of view if we regard the conductor as 
perfectly fle«ible, and then inquire what would be the form of 
such a conductor as current-bearer under the influence of the 
magnet. From the simplest mechanical principles the following 
laws are derived. 

78. I. If any magnetic forces act upon a perfectly flexible con- 
ductor through which an electric current passes, equilibrium can 
only exist when each element of the conductor is so disposed that 
the magnetic action upon it disappears, that is, when the conductor 
assumes the form of a magnetic curve. 

If this condition cannot be fulfilled, the smallest portions of 
the conductor, unless held together by cohesion or other forces, 
must necessarily be rent asunder in consequence of the magnetie 
action. Nothing is altered in the above consideration, if, in 
place of the perfectly flexible stream-conductor, we imagine an 
electric current itself, which is not cweumscribed to a conductor, 
but which is free to seek its path through a space in which 
ponderable matter occurs which serves for its conduction. Be- 
fore the magnet begins to act, such a stream will follow a more 
or less variable path, but under the magnetic influence it will 
adopt the course of a magnetic curve. If it is wnable to do this, 
the current cannot continue: the electricity must be lost with- 
out the formation of such a stream. 

79. Il. In order that the perfectly flexible conductor under the 
influence of the magnet may be in equilibrium over a given surface, 
the direction of the furce acting at every point of the conductor 
must coincide with the normal to the surface at this point. 

In order that this condition may be fulfilled for every point 
in the conductor, the element of the magnetic curve passing 
through this point, as well as the element of the conductor 
itself, must fall in the given plane; and hence again the in- 
ference is easily drawn that in the case of equilibrium, the per- 
fectly flexible conductor is the geometrical locus of those points in 
which the element of the magnetic curve passing through them falls 
upon the given surface. This geometrical locus, which changes 
in form and position by an alteration in the position of the 
given surface towards the magnet, is therefore the only way 
which the current can pursue upon the given surface, and it 
only adopts this path if its terminal points, which we consider 
fixed in position, both lie upon the geometrical locus just defined. 
Such curves may be appropriately named “ epipolar-magnetic.” 
Before and after an inversion, both of the magnetic polarity and 


upon the Electric Current. 3 


of the direction of the current, the stream in the same portion 
lying betweer. the two given points is, in the one case, depressed 
towards the surface, in the other drawn away from it. It is 
only in the first case that a proper current can exist. In the 
second case, as well as generally, where the terminations of the 
stream are not points of the curve described, the magnet pre- 
vents the formation of a current *. 

80. In the theoretical consideration of Law I. we encounter 
three cases, which are also again met with in experiment. 

(1) The electric discharge takes place between two given fixed 
points. This is the case of Davy’s are between carbon-points, 
which at first are in contact, and are then gradually separated 
from one another and held at a fixed distance apart. If no dis- 
turbing influence is at work, the path of the electric discharge 
in air, as in a rarefied atmosphere, i is the straight line connectin; g 
the two carbon-points, or the metallic points which may replace 
them. The glowing particles which are carried over and which 
may be recognized in the spectrum, are to be considered, in part 
at least, as conductors of the current. In long tubes, in which 
the gas is in a condition of maximum rarefaction, no such par- 
ticles are transported when Ruhmkorff’s apparatus is discharged 
through it: in such case the rarefied gas alone is the bearer of 
the current; for the spectra obtained characterize each gas 


* Jn order to illustrate as graphically as possible that electric light, first 
observed by me, which collects in magnetic curves, I imagined the ex- 
istence of perfectly flexible, infinitely fine magnetic threads (47 to 49). It 
is to be noted that such a thread, when rigidly held in one of its points, 
will remaim in equilibrium under the influence of the magnet when it 
assumes the form of the magnetic curve passing through that point; 
just as is the case also with a linear, perfectly flexible, electric conduc- 
tor. In the first case we immediately recognize the force which gives 
form and position to the magnetic thread of arbitrary form and posi- 
tion, when equilibrium is established. In the second case, however, 
the circumstances are otherwise. If, for instance, we imagine moveable 
rectilineal conductors proceeding radially in all directions from a given 
point, and which are subjected to the action of a given magnetic pole, we 
may suppose all these conductors to be distributed upon conic surfaces 
whose common axis is the straight line connecting the given point with 
the given pole. All such conic surfaces rotate uniformly around their 
common axis. If we take the case of an arbitrary magnetic action and 
suppose the conductors to be infinitely small, all the conductors rotate in 
conic surfaces whose common axis 1s the tangent of the corresponding 
magnetic curve at the given point. That conductor alone which follows 
the course of this curve, remains at rest without the other conductors 
being forced into this position. The difficulty of the question consists in 
our being obliged to consider the current not as already formed, but in the 
course of formation; and although we have no definite notion as to the 
formation of a current in general, we know at least so much, that under 
the magnetic influence it can only shape itself according to the magnetic 
curve. 

B2 
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employed, just as the spectra of Davy’s are show the character 
of the electrodes. 

Under the influence of a magnet, Davy’s are of light assumes 
the form of a magnetic curve, if the end-points of the two electrodes 
are so situated with respect to the magnet as to constitute two 
points of the magnetic curve. If the end-points of the two elec- 
trodes are brought into another position where the above con- 
dition is no longer fulfilled, the are can no longer exist ; it must 
be broken, and, according to the density of the surrounding 
gas, gives rise to the appearance of a springing, hissing, or 
undulatory hght. 

The previous experiments in this direction of so many eminent 
physicists, are amply sufficient for consideration from this point 
of view. I shall therefore at present only refer to my own 
observations, which will be found in the next sueceeding paper. 
With the exception of some older ones, they have been performed 
with the direct purpose of verifying Law I. 

81. (2) One of the two extreme points of the electric discharge 
is fixed, and the second is subjected only to the condition of lymg 
on a given surface of arbitrary form. These conditions obtain 
in the remarkable behaviour of that light which I have called 
the magnetic light, on the very account of its adopting the path 
of magnetic curves. This light is formed in exhausted tubes 
at the negative electrode, and passes in all directions from every 
point in it, to the walls of the glass tube surrounding this 
electrode, which become more or less blackened by the trans- 
ported platinum. What becomes of this electric light after it 
has touched the walls, is a question which cannot be considered 
in this place. If the electrode be isolated with the exception of 
a single point, this point is the only one from which the electrical 
discharge takes place, and whose different paths, corresponding 
to elementary currents, are made visible by the single luminous 
rays. (For our present purpose of consideration it is indifferent 
whether all the rays proceed from the fixed point, or travel 
towards it.) Every such elementary current, according to the 
above Law I., can only be in equilibrium under the influence of 
the magnet when it is bent in a magnetic curve; and here this 
curve is the same for all elementary currents, and is perfectly 
defined by passing through the given fixed point. The whole 
light, therefore, proceeding from the unisolated point is concen- 
trated, therefore, in the magnetic curve passing through it; and 
the curve becomes in consequence brightly lummous. The 
whole continuous series of light-radiating points of the wnisolated 
negative electrode, corresponds to a continuous luminous surface 
formed from magnetic curves. 

Inasmuch as the magnetic curves remain the same if the 
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magnetic polarity be inverted, it follows that after such an in- 
version, exactly the same appearance is shown. 

The beautiful phenomena first observed by me (see Phil. Mag. 
for August and December 1858), as well as similar ones, after- 
wards to be described, formed at the positive electrode, are 
therefore fully explained. 

82. (3) The discharge occurs between two given surfaces, or 
between different portions of the same given surface ; so that the 
elementary discharge-currents may, within certain limits, seek 
their terminal points upon these surfaces. In this case also 
experiment had preceded theory. The first observation of this 
kind was made upon an evacuated ellipsoid, which formed the 
central portion of a Geissler tube (63). If it was placed equa- 
torially upon the approximated armatures, a vaulted arch con- 
sisting of luminous magnetic curves was formed in its interior, 
far removed from the two electrodes. After the eye had once 
had its attention directed to these phenomena, it recognized 
them also under other and very different circumstances. 

83. It now only remains to make some preliminary remarks 
concerning the application of Law II., which determines the only 
possible path which the electric discharge, under the influence 
of the magnet, may follow on the internal surface of the glass 
tube; that is, which determines the epipolar-magnetic curve. 
Let us, for example, suppose that the internal surface has the 
form of a triaxial ellipsoid, and that this lies with its middle 
point above the middle, between the two horizontal armatures, 
so that one of its thin axes is vertical : it is clear that the section- 
ellipse, in that portion of it which belongs to the principal 
section which falls in the equatorial plane, belongs also evidently 
to the curve in question ; for every magnetic curve which passes 
from one of the two armatures to the other, cuts the equatorial 
plane at right angles, so that the elements of that one of these 
curves which cuts the ellipse, lie within the surface of the 
ellipsoid. A regular current is only possible when it enters the 
ellipsoid in one point of the ellipse and leaves it in another one. 
This stream describes, then, on the ellipse between the two 
points, one or the other path according to its direction (compare 
the experiment of § II.). It is in consequence of a secondary 
action (which always increases with the magnetic influence, and 
is of very different intensity according to the different contents 
of the tube) that the current, when drawn towards the magnet, 
becomes disintegrated into an undulating light. This phzeno- 
menon is conditioned by the occurrence of the action corre- 
sponding to the third case (82) of Law I.; and consequently the 
unexplained (15) is rendered clear. If the current enters and 
departs through any two points which are not both points of 
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the ellipse mentioned, or, what comes to the same thing, which 
are not both in the equatorial plane, in general no current is 
formed. Only in the exceptional case that both points belong 
to the same magnetic curve, and the are of this curve between 
the two points falls entirely within the ellipsoid, does the first 
case of Law I. immediately occur. 

84. A second simple example is offered in the case of a wide 
cylindrical tube, which is laid horizontally upon the armatures, 
and inclined at an angle of 45° to the equatorial plane. Then 
the middle of the epipolar-magnetic curve consists of two distinct 
spirals, which, taken separately, are brightly illuminated by 
streams in opposite directions. 

85. The above laws may be also very beautifully illustrated 
by means of induced currents, although not with the same 
splendour as in the case of the direct discharge. I took for 
this purpose (to adduce here only one instance) a simple glass 
bulb, without electrodes, of about 80 millimetres diameter, which, 
after exhaustion, contained only traces of a gas. If the outer 
surface of this sphere be touched in any point with one of the 
electrodes of Rubmkorff’s induction apparatus, a diffused light, 
the colour of which is peculiar to the gas, spreads throughout 
the whole sphere, from a point of the internal glass surface 
corresponding to the point touched on the outside. If the sphere 
be laid in the middle upon the approximated armatures of the 
electro-magnet, this light collects to a single are of light, corre- 
sponding to that magnetic curve which passes through the fixed 
point. A second electric current traverses the same path in an 
opposite direction. If the electrode in contact with the sphere 
be the negative one, a strong positive stream proceeds from the 
point of contact ; a weaker current returns by the same path to 
the same point. If the touching electrode be the positive one, 
the two currents mutually exchange their intensities ; the positive 
stream which passes to the point of contact being the stronger. 
If the sphere be touched simultaneously in any two points with 
both electrodes, the two arcs of light corresponding to the two 
electrodes appear simultaneously, independently, and apparently 
without interfering with one another. It is only when the two 
electrodes touch the sphere in two points of the same magnetic 
curve, that the two luminous ares unite to form one. 

86. If we lead the terminal point of an electrode along the 
surface of the sphere, the luminous are undergoes a continual 
alteration of form and position. The length of the are dimi- 
nishes on approaching the epipolar-magnetic curve. From a 
point of this curve no magnetic curve passes into the interior of 
the sphere. Even on touching such a point with the electrode, 
the light remains on the internal surface of the sphere, and is 
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concentrated into two currents of unequal intensity, which ex- 
tend upon the epipolar curve in contrary directions from the 
point of contact. This curve is, in the present case, the 
great circle which lies in the equatorial plane, which is cut at 
right angles by an infinite number of magnetic curves upon the 
surface of the sphere. In addition to this double epipolar- 
luminous stream, the free arc of light, corresponding to the two 
touching electrodes, continues to exist undisturbed in the interior 
of the sphere. It is only when both electrodes touch the sphere in 
points of the epipolar-magnetic curve, that the two epipolar 
double currents unite into a single double current, which pos- 
sesses the luminous intensity of both the former ares*. 


Bonn, July 15th, 1858. 


II. Observations on the Electric Discharge. 
By M. PitcKkert. 


On the Spectra in highly rarefied Gases of different kinds during 
the passage of the electric discharge. 


88. I BELIEVE that I was the first to declare positively that 

the luminous appearance which accompanies electrical 
discharge through long tubes of rarefied gases, is (without con- 
sidering the special phenomena in the neighbourhood of the 
two electrodes) entirely and completely attributable to the traces 
of gas remaining in the tubes; further, that the beauty and 
great diversity of such spectra for various gases offer a new cha- 
racteristic for distinguishing them, and that any chemical altera- 
tion in the nature of the gas may be thereby at once recognized. 
This seemed to me to be the most important part of the subject, 
pointing, as it does, to a method of physico-chemical investiga- 
tions of a new kind. 

89. I find that my opinion, that no particles of metal are 
transferred from one electrode to the other, has been supported 
by Mr. Gassiot{. Metal is transported from one electrode alone 
—the negative one—to the portion of the inner surface of glass 
immediately surrounding it; and such transportation occurs 


* The author states how the new point of view developed in the above, 
threw such a clear light upon some further experiments of his (see the 
following paper), of which some use has been made in this communication, 
that a revision of the latter was considered necessary before publication. 

+ From Poggendorff’s Annalen, vol. ev. No. 1, p. 7. 

+ “The minute particles of platinum are deposited in a lateral direction 
from the negative wire, and consequently in a different manner from what 
is described as occurring in the voltaic are (De la Rive, ‘ Electricity,’ vol. ii. 
p- 288), so that the luminous appearance of discharge from the induction 
machine can in no way arise from the emanation of particles of the metal.” 
(Proceedings of the Royal Society, March 4, 1858.) 
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whatever be the nature of the metal forming the electrode. The 
surrounding surface of glass is gradually blackened by the finely 
divided metal; when the deposit becomes thicker, a beautiful 
metallic mirror is formed. A thin deposit of platinum appears 
blue in consequence of its fine state of division, and precisely 
resembles in colour one of the shades of Faraday’s finely-divided 
gold*, I have seen a beautiful mirror of zine at one end of a 
wide glass tube, which extended as far as the zine electrode pe- 
netrated. This mirror was shaded off grey at the limits of its 
opake borders. Jn this manner a new series of experiments might 
be performed in reference to the optical properties of metals in a 
state of extreme division. 

90. In order to lessen the unpleasant blackening of the glass 
which occurs under ordinary circumstances, instead of the thin 
wires ordinarily taken, which become hot and sometimes glow 
brightly when serving as negative electrodes, we may employ 
thick wires, which do not undergo any sensible warming in the 
current. In the case of thin wires bemg employed, the great 
transference of the metal from the negative electrode appears to 
arise in part from the greater amount of heat. developed, and not 
to be exclusively owing to the greater concentration of the elec- 
tric current upon the smaller surface of the thinner electrode. 

M. Geissler sought in another manner to avoid the blackening 
of the glass, namely, by surrounding the negative platinum elec- 
trode by a narrow glass tube which projected a little distance 
beyond the free end of the wire into the wider glass cylinder. 
The inside surface only of the smaller tube became black in this 
case, as far as the electrode reached. 

91, The followmg observation supports in a manner, and inde- 
pendently, the opinion that in tubes of rarefied gases the metal 
is not the bearer of the electrical discharge, and consequently 
the cause of the phenomenon of ight. Three different tubes, 
of a form previously described (63), were respectively filled with 
pure hydrogen, with arseniuretted and with antimoniuretted hy- 
drogen, and then exhausted as far as possible. The stream of 
light in the narrow part of each tube gave the characteristic 
instantly-recognizable spectrum of hydrogen. The two last- 
mentioned gases had obviously suffered decomposition by the 
electric current. The metals arsenic and antimony separated by 
this decomposition cannot be detected in the current of light. 

92. Before proceeding to the analysis of the light of the dif- 
ferent gas-vacua, we must briefly consider the question whether 
an absolute vacuum bars‘the passage of the electric current, and, 
by doing so, extinguishes the light. An absolute vacuum, like 
a mathematical pendulum, is a fiction ; and the practical question 

* “ Experimental Relations of Gold to Light,” Phil. Trans. 1857, p. 145. 
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is only whether no electric discharge passes through the nearest 
possible approximation to an absolute vacuum which we can 
procure. A Torricellian vacuum, especially such a one as exists 
in the tubes prepared by M. Cassella for Mr. Gassiot, which 
show the broad clouds of light, is evidently more perfect than 
the gas-vacua in the different Geissler tubes which were produced 
by means of a mercury air-pump, and in which a lower tension 
than 1 millim. is probably unattainable. At my request M. 
Geissler has also lately made Torricellian vacua in longer and 
wider tubes with great care. The best of these tubes allow the 
passage of the direct discharge of Ruhmkorff’s apparatus. This 
discharge, which is accompanied by a white light, soon, however, 
becomes intermittent, and after one or two minutes it completely 
ceases. If, in accordance with the analogy of an experiment 
before described (73), we are justified in forming an opinion as 
to what takes place in such a tube, we must assume that the 
oxygen of the immeasurably small quantity of air which has 
remained behind goes to the electrode, and that the residual 
nitrogen no longer suffices to convey the current. 

I agree with the opinion that ponderable matter is necessary 
for the formation of an electric current. Such matter is, how- 
ever, in general a gas, and not as (at least partly) in Davy’s lumi- 
nous arc, metal or carbon passing over in the extremest state of 
division *. 

93. I introduce here an observation which was made with 
every tube containing a Torricellian vacuum. Coatings of tin- 
foil were fastened near to both ends of such vacua, in order to 
be able to pass induced currents through them. (See subsequent 
par. 118). After the passage of the direct current had ceased, 
the induced current might still be passed through for a long 
time with undiminished brightness. On reconnecting the wire 
extremities of Ruhmkorff’s apparatus with the ends of the two 
platinum wires fused into the ends of the tubes, the direct cur- 
rent was re-established, but soon disappeared again. The same 
experiment might be repeated at pleasure. 

94. Most gases, when the current is passed through them in 


* The transference of the substance of the electrodes from the one to 
the other of them has been, since Davy’s time, the subject of numerous 
investigations. In general it was assumed that this transference took place 
from the positive to the negative electrode. M. von Breda, however, 
proved that a simultaneous transference occurred from the negative to the 
positive. In Geissler’s tube the particles of metal simply leave the nega- 
tive electrode without reaching the positive one. It would seem as if 
anomalies existed here similar to those relating to the occurrence of heat 
at both electrodes (46). Experiments which I have quite recently per- 
formed upon the occurrence of the luminous arc in bulbs of rarefied gases 
(under the influence of the magnet), and which will be described in the 
next communication, will, I believe, throw light upon the subject in question. 
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Geissler’s tubes, suffer changes which are 
at once visible on account of the simulta- 
neous alteration in colour. These changes 
are often sudden, especially when the cur- 
rent is concentrated by the magnet; fre- 
quently, however, they take place quite 
gradually. Such changes are accompanied 
by a decomposition of the gas, or by the 
gas or its constituents entering into com- 
bination with the electrodes. (It must be 
borne in mind that we have here to do 
with immeasurably small traces of gas.) I 
may here relate a curious example of this 
kind. M. Geissler had observed that tubes 
which contained traces of sulphurous acid, 
suffered a remarkable alteration by means 
of the electric current. I had previously 
observed how a tube containing a probably 
less perfect vacuum of the same acid sud- 
denly changed during the passage of the 
current under the influence of the magnet 
(16). In this case the change was slow 
and continuous. The tube of which I am 
now speaking was 400 millims. long and 25 
wide. It showed at first a beautiful strati- 
fication in the violet light, accompanied by 
the customary phenomena. As Ruhm- 
korff’s apparatus was being discharged for 
several minutes through the tube, the violet 
light gradually became decolorized, and the 
whole appearance was changed. After a 
long time a constant appearance was esta- 
blished, the tube then behaving exactly as 
the most beautiful ones of Mr. Gassiot 
(118). The sulphurous acid having entirely 
disappeared, a Torricellian va- 
cuum, so to speak, had been form- 
ed. The light about the negative 
pole was separated by a broad dark 
space from the broad white ne- 
bulous clouds of light. These 
latter extended to the positive 
electrode, each one having a bright 
white boundary towards the ne- 
gative electrode, and gradually 


shading off with a grey tint towards the positive one. On 
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touching the dark part of the tube near the negative electrode 
with a weak horseshoe magnet, the system of white clouds were 
drawn further into the dark space: a beautiful appearance was 
thus presented, which I had already seen produced by Mr. Gas- 
siot, but which I had up to that time not been able to produce 
in Geissler’s tubes. On touching with two fingers that part 
of the tube where the first light-cloud bordered on the dark 
space, the whole of the clouds were driven back towards the 
positive pole ; that is, there was repulsion where in the former 
case attraction occurred, and the whole phenomenon became 
more stable. In this case the tube presented the appearance of 
fig. 1. 

95. The same experiment succeeded with all similar tubes ; but 
they did not all present quite the same appearance after the change 
had taken place. In place of the inch-wide white cloud, there 
frequently occurred a much narrower stratification of the white 
light, such as always occurs in the Torricellian vacuum. In one 
instance, indeed, the light was of a reddish colour, correspond. 
ing to that produced by nitrogen, and of the tint which I ob- 
served it gradually to become in the hands of Mr, Gassiot when 
he, by an ingenious contrivance, allowed traces of air to enter 
very gradually. It hence appears certain that in all the “ sul- 
phurous-acid vacua,” greater or less traces of air were present, 
and that this was especially the case in the tube last described. 

It is probable that sulphurous acid, when quite dry and free 
from air, furnishes us with the best means for making the best 
approximation to an absolute vacuum. 

96. The following observation seems to me worthy of notice. 
On heating the extremities of the cylindrical tube into which the 
platinum electrodes were fused, over a spirit-lamp, the original 
beautiful stratification in the violet light immediately reappeared. 
The sulphurous acid was formed again by the recombination of 
its constituents. The latter (probably both of them) had become 
combined loosely with the platinum, and were separated from it 
again by the heat of the lamp. The passage of the current de- 
termined the re-formation of the white cloudy stratification by 
gradually decomposing the sulphurous acid. After this stra- 
tification had again ceased, it might be again restored by a 
fresh application of heat; and thus the two phenomena might 
be alternately produced a few times, but each time with dimi- 
nished beauty. 

97. It seems to me to follow from the above, that the light 
accompanying discharge through tubes which have been filled 
with any gas, and exhausted so as to contain only traces of the 
gas, is quite independent of the metal of the electrode, and, 
further, that no discharge takes place through an absolute 
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vacuum, and accordingly no light is then produced. We are led 
therefore to the conclusion that the light of the discharge-cur- 
rent, and the consequent corresponding spectrum of such gas- 
vacua, entirely depend upon the residual traces of gas, and are 
consequently characteristic of the gas employed on each occasion. 
For the determination of the special spectra, I chose, to begin 
with, hydrogen, oxygen, aud carbonic acid; and I obtained for 
these three gases perfectly definite, constant, and distinct spectra. 
It is true that it is impossible in a graphic representation to re- 
produce even approximately the original colours of such spectra. 
Such representation is also rendered the more difficult by certain 
parts of the spectra being characterized by an unusual intensity 
of light. But such a representation furnishes a true picture of 
the phenomenon for those who have once seen it, and it suffices 
completely for subsequent comparison. 

98. Graphic representation is also rendered less exact by the 
fact that the circumstances conditioning the subjective judg- 
ment of colours are of a very complex kind, and that such judg- 
ment loses all value when weakly illuminated portions are 
bounded by tints of a bright colour. ‘The impression made 
upon the eye by the beautiful spectra of many gases stands in 
contradiction to the fundamental law of the theory of colours, 
namely, that the colour of the light depends upon the length of 
the undulation, according to which, for the same prism, light 
broken to the same extent must have the same colour under 
all conditions. I may mention in illustration of this, the (im- 
pure) spectrum of fluoride of boron already provisionally de- 
scribed (71), in which a beautiful violet colour follows immedi- 
ately upon a (certainly somewhat faded) green colour. If the 
blue were entirely wanting, as is the case with other gases, the 
violet would be bounded by a black space towards the side of the 
red. It seems most natural to assume that a faint blue is pre- 
sent in the spectrum, and that this is converted apparently into 
a green by a subjective yellow, the complementary colour to the 
neighbouring and unusually bright violet. Nevertheless it 
seemed to me desirable for our gas-spectra, to support the above 
law by a direct experiment. 

99. In the formation of such spectra I employed the method 
already described (69), with some modifications. The luminous 
electrical discharge-current was concentrated in thermometer- 
tubes, whose internal diameters were nearly the same for the 
different gases examined, being about 0°6 millim. (A column 
of mercury, 155 muillims. long, in such a tube weighed 0-6677 
gr., which gives this diameter for the internal circular section 
of the tube.) Fig. 2 shows the form of the perfect separate gas- 
tubes, as well as the manner in which they may be connected on 
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a piece of board, so that the narrow parts of both (at the parts 
where they are bent at an angle of rather more than 90 degrees) 


Fig. 2. 


ee 


touch one another, and have exactly the same direction. (The 
glass cock given in the figure has reference to a subsequent ex- 
periment.) On discharging a current through such a system of 
two different tubes, a straight thread of light appears in the 
narrow part, which is broken only in the middle, and half of 
which belongs to the one gas, half to the other. However dis- 
similar the spectra of the two gases might be, any one colour of 
the one spectrum (in those cases where it was not extinguished) 
was continued in a straight line in the other one; this was usu- 
ally accompanied by a change in its brightness. 

100. In observing the spectra, I employed a Fraunhofer’s 
telescope, which was set up at a distance of from 4 to 5 metres 
from the vertical line of light in the tube. The flint-glass prism, 
whose refractive angle was 45 degrees, was fastened immediately 
before the object-glass, whose aperture was 15 Paris lines. The 
magnifying power of the eye-glass was so chosen that an increase 
in its power did not show an additional number of narrow lines, 
but only diminished the intensity of the light. 

The combination of two glass tubes described in. the prece- 
ding paragraph is capable of another application. If, namely, 
the telescope be directed to the part where the narrow tubes meet, 
the spectra of the two separate gases, being seen at the same 
time, may be compared with one another, and the respective sizes 
of the different parts measured. The spectrum of hydrogen 
seems to me to be the most suitable, of those as yet examined, for 
a standard of comparison, on account of its peculiar constitution. 

101. The tubes which I first examined were originally filled 


14 Prof. Pliicker on the Spectra in Rarefied Gases 


with hydrogen, nitrogen, and carbonic acid, and, after as complete 
as possible rarefaction, showed characteristic and beautiful spectra 
entirely distinct in nature from one another. I confine myself 
here to a mere noting of these and the hitherto observed spectra, 
reserving a more exact description together with pictorial deli- 
neation*. 

102. In the spectrum of hydrogen, almost the whole of the 
light is concentrated into three bands,—namely, a dazzling red 
at the extremity of the spectrum, a beautiful greenish blue, and 
finally a violet of inferior brightness, whose distance from the 
greenish blue is about two-thirds of the distance of the latter 
from the dazzling red. In the narrow tube the electric light- 
stream appears red. 

103. In the spectrum of nitrogen all the colours are fine, none 
of them being faded, as is the case in the broad spaces lying 
between the bright bands of the hydrogen spectrum. In the 
spaces of the red, orange, and yellow, there are about fifteen 
narrow dark-grey lines at nearly equal distances apart. Six of 
these belong to the orange and yellow: both of these colours 

"are beautiful. The red; in the direction away from the orange, 
is shaded off into brown, but becomes brighter and purer towards 
the extremity of the spectrum, which stretches beyond the daz- 
zling red bands of the hydrogen spectrum. A broad green 
space is separated from the yellow by a narrow black band. The 
greater part of this space appears shaded with black in the di- 
rection away from the black band. On more careful examination, 
however, this shading is seen to consist of very fine black lines, 
which are at equal distances apart, but nearer together than the 
previously mentioned bands in the red, orange, and yellow. The 
rest of the green space is again subdivided. The green is bor- 
dered by two beautiful bright-blue bands, which are sharply sepa- 
rated from one another and from the green by narrow black bands. 
The blue and red-violet ends of the spectrum form nine sharply- 
bordered violet bands, alternating with dark ones. The former 
have various degrees of brightness ; the latter appear partly dark 
violet, partly black. The fourth and fifth bright-bands, sepa- 
rated by a black band, possess the most light ; the four followmg 
ones are Jess prominent; the last one, however, which forms a 
sharp boundary to the whole spectrum, is the most distinct. The 
light of the discharge-current in the narrow tube is yellowish red. 

104. In the spectruin of carbonic acid (see 115), six bright 
bands sharply separate the bright portion into five spaces, of 
which the two first are of equal breadth, the third, and especially 
the two last, somewhat broader. The first of the six bands 1s 


* T have been assisted in drawing the different spectra by MM. Lick 
- and Dronke. 
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situated on the extreme boundary of the red, the second is reddish 
orange, the third greenish yellow, the fourth green, the fifth blue, 
and the last violet. Both of the two first spaces are divided into 
three equally broad subdivisions by narrow black-grey bands, 
of which two always border upon the bright band. The first 
space is brown-red, the seeond dirty-orange and yellow. The 
third and fourth spaces are of a rather faded green, and much 
subdivided by different degrees of shadmg. The fifth space, 
which is very faded, is divided into two equal spaces, which are 
shaded off from the red side towards the violet. After the last- 
mentioned violet band, another dark portion of the spectrum 
occurs about as wide as the red-yellow portion. In this dark 
portion three spaces are separated by three prominent and well- 
marked violet bands, whose breadth is of the same value as that 
of the before-mentioned six bands. The last of these violet 
bands forms the visible boundary of the spectrum. The first of 
these three spaces, which is contiguous with the above six bright 
bands, is somewhat broader than the third. Both are perfectly 
black. The second and middle space is about as broad as the 
first and third together, and is of a very dark violet colour. 

The first band, which at the moment of commencing was of 
an especially brilliant red, lost almost the whole of its brightness 
after the stream had passed through the tube for a long time (115). 

The light of the galvanic current in the narrow tube was 
greenish-white. 

105. After the spectra of the three above-named gases had 
been accurately determined and copied, the double tube repre- 
sented in fig. 2 was filled with two different gases, carbonic 
acid and hydrogen, and then exhausted as far as possible. The 
gases, which were originally separated from one another, could 
be put into communication by means of a cock. This was done 
while the stream passed simultaneously through both tubes, 
through the one with a greenish-white, through the other with a 
red light, and while the spectrum of the one gas (the carbonic 
acid) was observed through the telescope by the prism., Imme- 
diately on opening the cock, a dazzling red line was at first seen 
merely flickering now and then at the boundary of the spectrum. 
It soon took up and maintained a constant position: this.was 
the red band of the hydrogen gas. The colour of the light in 
the two narrow tubes was the same; the two spectra had become 
constant and identical in kind. 

Universally, if two different gases are mechanically mixed in 
a tube, and the two spectra of the separate gases are known, it 
is easy to see how the spectra of the separate gases overlap one 
another, forming the spectrum of the mixed gas. 

106. Next, a single tube was filled with ammonia and ex-. 
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hausted. The spectrum was evidently the result of the superpo- 
sition of the two spectra for hydrogen and nitrogen ; the ammoniacal 
gas was immediately decomposed into its constituents, and it had 
not been possible to obtain the spectrum of the chemically combined 
ases. 

Z 107. The determination and delineation of the oxygen spectrum 
appeared now to be of chief importance. But here I encountered 
new and unexpected difficulties, so that as yet I have not been 
able to obtain a complete idea of this spectrum. I shall there- 
fore confine myself here to the mere mention of two narrow bril- 
liant bands, of which the one forms the boundary of the spectrum, 
the other extends even into the orange. The space between the 
two bands is of a dark brown. The red boundary of the oxygen 
spectrum extends somewhat beyond that of the hydrogen spec- 
trum ; and accordingly the dazzling-bright bordermg bands do 
not coincide. 

The above-mentioned difficulty in determining definitely the 
spectrum for oxygen, consists in the gradual disappearance of the 
free gas, which combines with the platinum of the negative elec- 
trode. That such combination actually occurs, is not only 
evinced by the alteration of the spectrum, but is shown at once 
by the fact that the finely-divided oaide of platinum as it is 
formed is deposited of a yellow colour upon the neighbouring 
internal glass surface, showing by reflected light the colours of 
Newton’s rings in a very beautiful manner. If the tube contains 
traces of hydrogen or nitrogen, pure metallic platinum is trans- 
ferred to the glass surface. . 

108. The colour of the electric light-current in the narrow 
tube was at first red; it passed through a flesh-colour to green, 
and then through blue to reddish violet. 

It would be of especial interest, by a careful examination of 
the oxygen spectrum, to determine in what sequence the sepa- 
rate prismatic colours disappear during the gradual extinguishing 
of the electric light-current caused by the gradual abstraction of 
oxygen gas, and the consequent withdrawal of the ponderable 
matter essential for the conduction of the electricity. The above 
seale of colours, through which the light passes in the narrow 
tube, appears to justify the conclusion that at first the least re- 
frangible rays are removed ; certainly the two bright-red bands 
of the spectrum are first seen to become paler and perhaps 
wholly to disappear. In order, however, that the phenomenon 
may be examined with perfect accuracy, it is necessary for espe- 
cial precautions to be taken that the oxygen may be absolutely 

ure. 
; 109. For if even the most minute traces of another gas be 
mixed with the oxygen, the foreign gas will take a continually 
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increasing effect upon the spectrum of the oxygen in proportion 
as the latter gas is removed: for this reason two tubes had to 
be rejected for accurate determinations. In the first one, to 
which the above remarks have reference, the previously described 
spectrum of carbonic acid became continually more and more 
prominent. For this fact, which at first seemed very surprising, 
a sufficient explanation was soon found. The same exhaustion- 
apparatus, namely (constructed with mercury), had been employed 
just before to exhaust carbonic oxide, which here has the same 
action as carbonic acid (115). In the second tube, traces of ni- 
trogen were recognizable; this tube had also to be rejected, be- 
cause it evidently contained air mixed with the oxygen gas. 

110. In the extinction of the electric current in oxygen gas, I 
have already (73) recognized a proof that no current can exist im an 
absolute vacuo, to which we can only approximate practically to 
a greater or less extent. I may here add that the electric cur- 
rent in an empty space (if one can exist there) certainly cannot 
be luminous; for if this were the case, the spectrum for empty 
space would necessarily reappear in the different gas-spectra. The 
latter, however, have nothing in common. 

111. I next endeavoured to determine the spectrum of the 
oxide of nitrogen (NO?). The attempt, however, was unsuccess- 
ful ; a tube of binoxide of nitrogen gave the spectrum for ni- 
trogen itself with a modification evidently attributable to pure 
oxygen, which was proved by the existence of a bright band near 
the red, and because the brownish red became a bright red at 
the boundary of the orange. The narrow characteristic lines in 
the red, orange, and yellow retained their entire sharpness. The 
extreme ones alone, which the bright band partly covered, had 
disappeared, so that only six such lines remained between the 
new bright band and the boundary of the orange. The brilliant 
red band was gradually extinguished ; and the result was the 
formation of the pure spectrum of nitrogen gas of a splendour 
which I had never before observed. 

Binoxide of nitrogen, present in so small a quantity as to be 
scarcely recognizable by the most sensitive balance, was thus che- 
mically analysed. It was instantly decomposed by the passage 
of the current into its constituents ; nitrogen and oxygen, and the 
latter disappeared by gradually forming oxide of platinum with 
the metal of the negative electrode. 

112. In consequence of the above-observed behaviour, it was 
scarcely to be doubted that the higher and less stable stages of 
oxidation of nitrogen would immediately separate into their simple 
constituents. For confirmation, a tube was filled with nitrous 
acid (formed by mixing binoxide of nitrogen and oxygen in the 
right proportions) and then exhausted. The spectrum was the 
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same as in the case of the binoxide of nitrogen tube, excepting 
that the red band due to the oxygen was at first of still greater 
brilliancy. 

113. A further experiment showed that nitrous oxide (NO) 
also immediately splits up into its simple constituents. The 
band due to the oxygen was less bright. 

114, The next gas examined was aqueous vapour. M. Geissler 
prepared an excellent tube for this purpose with his accustomed 
skill, in the following manner. Two large bulbs were blown 
upon a tube, one of them being provided with a cock towards 
the end of the tube; the tube, having been filled with water, was 
heated until the last trace of air was driven out and nothing but 
aqueous vapour remained. The cock was then closed. The tube 
was then heated over a spirit-lamp, while the bulb with the cock 
was immersed in a freezing mixture. This bulb, to which the 
cock was attached, was then fused off. The same operation was 
repeated by plunging the second bulb in the freezing mixture, 
and then fusing it off while the tube itself was heated. The 
electric current in the narrow tube showed the most beautiful 
deep red. The spectrum was that of pure hydrogen with its 
three prominent bands, in comparison with the brightness of 
which, the rest of the luminous divisions were so insignificant, 
that here the shading off of colour and luminous intensity was 
scarcely to be recognized. The aqueous vapour had separated 
into its simple constituents; but unfortunately M. Geissler 
had already passed the current through. The one constituent, 
namely oxygen, had already been removed by combining with 
the negative platinum electrode. 

115. After the above-described experiments, it necessarily 
seemed very doubtful whether the spectrum of carbonic acid 
previously described really belonged to this acid in its undecom- 
posed state. It was not possible for the acid to have been de- 
composed into its simple constituents ; for in that case we must 
have obtained the spectrum for oxygen gas, while the small 
quantity of solid carbon must have been deposited (perhaps in 
inappreciable quantity) on the interior of the glass tube. Hence 
the only possible remaining alternative was either that the acid 
had continued undecomposed, or had split up into oxygen and 
carbonic oxide. The fact of a deposit of oxide of platinum 
having been formed, was hostile to the first supposition (107). 
All doubt was removed on determining the spectrum of carbonic 
ovide. This spectrum was identical with that into which the 
carbonic acid spectrum was soon transformed by the diminution 
of the brightness of the extreme red. The spectrum of carbonic 
oxide, obtained either directly or by the abstraction of free oxygen, 
is not constant, although its alteration is very gradual. As oxide 
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of platmum is deposited, the less refrangible light disappears from 
the spectrum (104) ; asthe oxygen is gradually removed, the in- 
terior of the tube approaches to a vacuum. 

116. The remarkable analogy in the chemical relations of 
iodine, bromine, and chlorine, reappears also in their spectra*. 
[ shall not at present describe these spectra, because the manner 
in which the tubes have hitherto been made did not admit of 
complete exclusion of the air, and the spectra consequently were 
not pure, but a superposition of two spectra. Moreover, during 
the passage of the current, the above bodies combine with the 
platinum of the negative electrode. The iodine spectrum remained 
sufficiently long to admit of being copied. It was necessary to 
employ four bromine tubes in succession, each of which sufficed 
for the determination of one portion of the spectrum. The 
entire spectrum was formed by putting the four portions together. 
The spectrum of chlorine was of short duration, so that one could 
see it distinctly but could not copy it. That which the three 
spectra have in common, and by which they are distinguished, 
as far as present observations extend, from all other gas-spectra, 
consists in lines of light, which at first are constant, but after- 
wards only flickering, and whose width is about the same as that 
of the narrow Fraunhofer’s black lines. In the iodine spectrum, 
the position in the green of five such lines of light of great 
brightness has been determined ; two of these lie close together. 
The bromine spectrum showed a greater number of such lines, 
extending over many of the central colour divisions, and accom- 
panied by black lines precisely similar to those of Fraunhofer. 
In the chlorine spectrum there appear to exist a greater number 
of such narrow lines, both black and bright ones ; the position 
of these, however, it has not been as yet possible to determine. 

117. The chemical results hitherto obtained may be summa- 
rized briefly as follows :— 

I. Certain gases (oxygen, chlorine, bromine, and iodine va- 
pours) combine more or less slowly with the platinum of the 
negative electrode, and the resulting compounds are deposited 
upon the neighbouring glass surface. When the gases are pure, 
we thereby gradually approach to a perfect vacuum. 

IJ. Gases which are composed of two simple gases (aqueous 
vapour, ammonia, nitrous oxide, nitric oxide, nitrous acid), imme- 
diately split up into their simple constituents, and then remain 
unchanged if these latter (ammonia) do not combine with the 
platinum. If one of the constituents is oxygen (in water and 


* The action of the magnet upon chlorine, bromine, and iodine vapour, 
is characteristic of these bodies, as I have already noted (16, 17,59). I 
shall return to this point subsequently. 
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the different stages of oxidation of nitrogen), this gradually dis- 
appears and the other gas alone remains. saety 

III. If the gases are composed of oxygen and a solid simple 
substance, complete decomposition by the current only takes 
place gradually, while the oxygen goes to the platinum of the 
negative electrode (sulphurous acid, carbonic oxide, carbonic 
acid). Carbonic acid is instantly decomposed into the gaseous 
lower stage of oxidation and into free oxygen, which gradually 
goes to the platinum (I). The carbonic oxide is gradually decom- 
posed by the oxygen leaving the carbon and combining with the 
negative electrode*. 


Bonn, August 25, 1858. 


III. Remarks on Professor C. Piazzi Smyth’s supposed proofs 
of the Submarine origin of Teneriffe and other Volcanic Cones 
in the Canaries. By Sir C. Lyeut, F.R.S., D.C.L. &e.F 


Co the publication in the Philosophical Transactions of 
my paper on the Lavasof Mount Etnat, a Report by Prof. 
“Smyth, Her Majesty’s Astronomer for Scotland, has been printed 
by the Admiralty of Great Britain, ‘“‘ On the Teneriffe Astrono- 
mical Experiment of 1856,” in which a chapter on geology and 
* volcanic theories” is introduced. 

This chapter, which did not form part of the original Report 
as published by the Royal Society in the Philosophical Transac- 
tions for 1858, contains a discussion of Von Buch’s theory of 
craters of elevation, together with critical remarks on passages 
in my writings, and those of Mr. Poulett Scrope. I do not feel 
myself called upon to reply to any of these comments, as they 
relate to subjects to which the Astronomer for Scotland cannot 
be expected to have devoted much time or attention ; but when 
facts are cited, respecting Teneriffe and other islands of the 
Canarian Archipelago, supposed to be conclusive on a contro- 


* T have already described two such spectra, in order to give a prelimi- 
nary idea of a gas-spectra. The first was shown by a not very narrow 
hydrogen tube, which was among the first which M. Geissler made. I 
chose this on account of its simplicity; but it does not belong to pure hy- 
drogen, as we now see at a glance. The second beautiful spectrum 
described, which is mentioned as belonging to fluoride of boron, probably 
also does not belong to the pure gas. If we consider its less refrangible 
portion with the narrow grey lines, we may assume with tolerable certainty 
that the gas contained nitrogen (air) (70), (71). 

+ Communicated by the Author. 

{ “ On the Structure of Lavas which have consolidated on steep slopes ; 
with Remarks on the Mode of Origin of Mount Etna, and on the Theory of 
‘Craters of Elevation,” by Sir Charles Lyell, Phil. Trans. part 2, 1858, 
p. 703 
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verted question of high theoretical interest, and in a work 
brought out under the sanction of the Admiralty, I think it 
right to point out the mistakes into which the author has fallen, 
and the insufficiency of the evidence on which he relies. 

At p. 553 of the new edition of the Report above alluded to 
(dated February 1859), the following passage occurs :— 

“ The question of the submarime origin of Teneriffe no longer 
depends only on the general structure of its lava-beds, or on 
analogies from the fossiliferous strata of the adjacent islands of 
Grand Canary and Palma, but has now the additional and most 
unanswerable argument of fossil shells having lately been dis- 
covered about the slopes of the crater.” 

And again in the same page : — 

“The proof of fossil shells, so long demanded, has now been 
supplied ; and with them must be accepted the fact of the slopes 
on which they rest having been once submarine, though now sub- 
aérial. The Great Crater, then, having incontestably suffered 
elevation, was that elevation necessarily connected with its 
present form and character ?” &c. 

When I first read these passages, I naturally concluded that 
some new discovery had been made of marine fossils on the slopes 
of the great outer cone of Teneriffe, or “crater,” as it is termed 
in the Report above cited ; but having never seen or heard of 
such a fact myself when in the island, I wrote to Prof. Smyth to 
know where and at what height above the sea, and under what 
geological circumstances, he or his informants had detected these 
shells. In reply he could give me no information on any one 
of these three heads, “he had merely given the statement on 
report, and not from his own observations.” It appears, then, 
that he had simply learnt that marine fossil shells had been met 
with somewhere in the island of Teneriffe, a fact well known 
before his visit in 1856, and before Mr. Hartung and I were 
there in 1854. These shells, however, did not occur “on the 
slopes of the crater,” but in the suburbs of Santa Cruz, along the 
shore to the north-east of the town, a part of the island which is 
geographically and geologically independent, not only of the 
Peak, which is more than twenty miles distant, but also of that 
voleanic chain which extends many miles from the flanks of the 
great cone, trending in a north-easterly direction. The separa- 
tion of the Santa Cruz rocks from the chain to which the Peak 
belongs, will be understood by a glance at the maps of Von 
Buch and Captain Vidal, and by reference to the view of Santa 
Cruz which Vidal has given in the margin of his map. The 
tufaceous breccias and sandstones containing marine shells near 
Santa Cruz do not conform “to the slope” of any crater or cone. 
So far as they can be seen, they appear to be nearly horizontal, 
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and occur only at slight elevations above the level of the sea. 
We were told that the same remark holds good in reference to 
certain other deposits containing shells, which we did not ex- 
amine, in the north-eastern extremity of the island, still further 
from the Peak. 

In the first of the passages above cited, Prof. Smyth has alluded 
to fossiliferous strata in the islands of Grand Canary and Palma. 
In regard to Palma, I may mention that Mr. Hartung and I, 
when we were there in 1854, searched in vain for fossils ; no 
travellers had then found any ; and our correspondents in the 
Canaries have still no knowledge of any having been obtaimed im 
that member of the Archipelago. 

Lastly, as to the Grand Canary, Von Buch was, I believe, 
the first to call attention to the existence of marine shells in 
that island, where Mr. Hartung and I collected them in abun- 
dance in 1854, and ascertained that they are imbedded in nearly 
horizontal strata continuous over a large area, where they form an 
elevated platform about 400 feet high, near the town of Las 
Palmas, a platform terminating abruptly in a range of cliffs near 
the sea, facmg the north-east. These upraised sedimentary 
strata, with some intercalated basaltic beds, are far removed 
from the slopes of the great dome-shaped volcanic mass, which 
forms the central nucleus of the Grand Canary; and if they 
have any bearing on the question of “ Craters of Elevation,” 
they certainly do not corroborate that hypothesis, but, on the 
contrary, are directly opposed to it; for though they have been 
upheaved in a district where intermittent voleanic action has 
never ceased, they do not dip away in all directions from a 
central axis, nor have they assumed a conical or dome-like form. 


IV. On the Thickness and Structure of the Earth’s Crust. By 
Henry Hennessy, F.R.S., Professor of Natural Philosophy in 
the Catholic Unwersity of Treland. 


To the Editors of the Philosophical Magazine and Journal. 
GENTLEMEN, 


I HAVE read with interest a letter addressed to you by Arch- 

deacon Pratt, which has appeared in your Number for last 
May. In a problem so extremely difficult and obscure as the 
determination of the thickness of the solidified crust of the earth, 
I am not surprised that some differences of opinion should exist. 
The views which I have published on this subject have been eri- 
ticized by Archdeacon Pratt on two grounds :—Ist, on account of 
the assumption that the shell is sufficiently rigid to resist, without 
change of form, the pressure upon its inner surface which arises 
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from its not continuing a surface of fluid equilibrium ; and 2ndly, 
because I suppose the nucleus to shrink in cooling more than its 
solid envelope. The first of the assumptions alluded to is con- 
tained in Section IV. of my Second Memoir on Terrestrial Phy- 
sics*, It does not, of course, imply that when the shell was very 
thin it was not capable of modifying its shape in conformity 
with that of the fluid matter beneath. But it should be remem- 
bered that the changes of shape in the surface of the fluid mat- 
ter which have been discussed by me are such as would neces- 
sarily be continuous and extremely slow, from their dependence 
on the slow refrigeration of the whole earth, and gradual deposi- 
tion of new strata of solidified matter upon the inner surface 
of its crust. No abrupt changes of shape in the figure of 
the fluid nucleus could take place from such causes, while the 
viscous and plastic matter which may happen to be passing into 
the solid state would be directly influenced by its immediate 
contact with the nucleus. It is thus I have been led to the con- 
clusion, that the ellipticity of the strata of equal density in the 
shell would not follow the law prevailing in those of the nucleus, 
or of the entire mass when it existed in a state of fluidity, namely, 
that of an increase im proceeding from the surface towards the 
centre. I have only recently ascertained that M. Plana+ had 
arrived at a conclusion very similar to mine, not long after the 
publication of my researches. My conclusion is, that the least 
ellipticity which the inner strata and the inner surface of the 
shell can have, could not be less than that of the outer surface. 
M. Plana’s is, that all the strata would have the same ellipticity 
as the outer stratum. The difference between my result and 
that of the distinguished Sardinian mathematician arises from 
the circumstance that he does not appear to have considered the 
change of volume which the fluid matter may undergo in passing 
to the solid state. This I have attempted to do, because all the 
experimental knowledge which we possess relative to the solidi- 
fication of fused rocks, points to a dimimution of volume as an 
accompaniment of their gradual transition to a state of solidity. 
It is true that rapidly-solidified and scoriaceous lava is lighter 
than the same substance in a fluid condition, and it is therefore 
observed to float upon the latter during the progress of volcanic 
eruptions; but observers are also well aware that slowly-solidi- 
fied and compact fragments of the same rock will gradually pe- 
netrate and sink through the viscous surface of a molten stream. 
Still more decisive are the results separately obtained by MM. 
Bischof, Ch. Deville, and M. Delesse, regarding the coefficients of 
cubical contraction of the crystalline rocks in passing from the 


* Phil. Trans. 1851, p. 525. 
+ Astronomische Nachrichten, No. 860, vol. xxxvi. p. 315. 
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fused to the solid condition. These results have been pub- 
lished in some of the most widely circulating scientific collections 
of Europe. Some of them have been referred to by Alexander 
von Humboldt* and by Sir Charles Lyell+; and all have been 
quoted by M. Elie de Beaumont in his Systémes de Montagnes tf, 
as well as by other well-known investigators. In venturing to 
base a great portion of my reasonings upon such results, I felt 
that in the present state of our knowledge no facts could be 
quoted which could outweigh those deduced from the experi- 
ments of such careful observers, and that it would therefore be 
impossible for me to overlook the very definite conclusions to 
which these gentlemen have been independently led. 

The foregoing remarks will in some measure answer Arch- 
deacon Pratt’s objection to my views regarding the superior con- 
traction of the fluid matter composing the nucleus compared to 
that of the solid shell. The general laws of contraction of fluids 
and solids for similar changes of temperature are admitted to be 
such as to give a greater contraction to the former than to the lat- 
ter. On this account Humboldt and M. Elie de Beaumont have 
gone still further, by maintaining the possibility of a tendency to 
separation between the shell and nucleus, a conclusion from which 
I have dissented, in accordance with some of the results of 
Mr. Hopkins combined with some of my own. While I hope 
that these remarks will satisfy Archdeacon Pratt as to the legi- 
timacy of the assumptions which he has called in question, I 
trust that Professor Haughton§ will see that there are some 
students of nature who not only hold the opinion that the crust 
of the earth is denser than the fluid from which it was formed, 
but who have based that opinion upon the results of exact expe- 
rimental inquiry. 

The results obtained by M. Plana and myself, show that Mr. 
Hopkins’s formula, quoted by Archdeacon Pratt, must be per- 
fectly nugatory for the determination of the thickness of the 
earth’s crust. The shape in which it is finally presented by its 


author is 
PoP 
€) 1:3. : 
g—l 


where P, denotes the precession of a solid homogeneous spheroid 
of which the ellipticity=e,, and P! the precession of the earth 
supposed to consist of a solid shell enclosing a fluid heterogene- 


* Kosmos vol. i. section on Voleanos. 
+ Principles of Geology, 9th ed. p. 173. 
t p. 1230-31. 

§ See Phil. Mag. for June. 
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ous nucleus, ¢ and ¢, being respectively the inner and outer ellip- 
ticities of the shell. If, with M. Plana, we regard ¢,—e=0, or 
if, in conformity with my conclusions, we consider it even possi- 
ble that ¢,—e> 0, this equation cannot assist in determining 


the fraction 1, which is a function of the radius of the 
vas Pal 
nucleus, and from which the thickness of the shell is estimated. 

Although I am far from regarding the numerical results which 
I have myself obtained relative to the thickness of the earth’s 
crust as perfectly accurate, I believe that the mechanical and 
physical principles to which I have appealed are those from which 
the complete solution of this problem will arise. If the problem 
were simply mathematical and mechanical, I should be induced 
to concur with Professor Haughton* as to its insolubility, not 
only from studying that gentleman’s researches, but also from the 
previously published investigations of Professor Stokes+ relative 
to Clairaut’s theorem. If the surface of the solidified shell were 
identical or similar to what may be called the astronomical sur- 
face of the earth, namely that of its oceanic coating, all the sta- 
tical and dynamical results depending on the internal constitu- 
tion of the globe might be the same. whether the crust were 
merely a thin pellicle, or whether the earth were always solid to its 
centre. 

But although the surface of the ocean is necessarily perpendi- 
cular to gravity, we have no reason to conclude that the surface 
of the shell, stripped of all its fluid and sedimentary coatings, 
would possess the same property. Whatever knowledge we pos- 
sess respecting the configuration of the bed of the ocean and of 
the great islands which rise above its surface so as to form the 
continents of the eastern and western hemispheres, tends to show 
that the surface of the solidified shell is not similar to the sur- 
face of equilibrium assumed by its liquid covering. 

Here I may be allowed to refer to Archdeacon Pratt’s attempt 
at confirming Mr. Hopkins’s conclusion relative to the supposed 
very great thickness of the earth’s crust. He proposes to ascertain 
the conditions of equilibrium of that portion of the crust occupied 
by the great peninsula of India stretching from beyond the Hima- 
layan Mountains to Cape Comorin. The meridional section 
thus studied comprises an are of about 24°, and the curvature of 
this segment of the shell is a very important element in the con- 
sideration of its stability; yet it has been totally neglected. 
Moreover, the Himalayan Mountains and plateau of Central In- 


* Trans. Royal Irish Academy, 1852. 
+ Cambridge Mathematical Journal, May 1849. 
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dia are assumed to be masses superimposed upon the erust, the 
under surface of which is supposed to be uniform. This seg- 
ment of the erust is not only treated as a nearly flat plate band, 
but great inequalities of thickness are assumed ; and the problem 
is thus invested with circumstances from which it readily follows 
that a very thick crust becomes necessary in order to compensate 
such remarkably weakening conditions. As we know that the 
first of these conditions is decidedly incorreet, and that the other 
is at least wholly unsupported by facts, we cannot be expected 
to admit the conclusion to which they would lead. 


Dublin, June 8, 1859. Henry Hennessy. 


V. On Frictional Electricity. By Prof. Votricexur*. 
rs Watts a year ago Prof. Volpicelli drew attention to certain 


striking anomalies observed by him on attempting to 
develope electricity by the friction of certain resinous substances, 
After repeating his experiments with a great many different 
bodies, and thus familiarizing himself more perfectly with the 
anomalies in question, he is at length enabled to state more pre- 
cisely the conditions of their existence. 

If a stick of ordinary sealing-wax be held by one extremity 
and pulled briskly between the finger and thumb of the other 
hand, no matter whether the latter be naked or covered with a 
woollen or other glove, negative electricity will zn general be de- 
veloped, as may be seen on presenting the stick thus rubbed to 
the knob of a dry-pile electroscope. On varying the energy of 
the stroke, however, it will be found that the indications of the 
electroscope are by no means constant. For example, negative 
electricity having been developed in the manner described, let 
the stick be exposed a second time to friction and in the same 
manner, the energy of the stroke alone being diminished ; the 
negative character of the developed electricity will be also dimi- 
nished ; in fact, on repeating the stroke last described, and after 
each stroke testing the nature of the electricity, the stick may 
be reduced to the neutral state, and subsequently converted into 
a positively electrified body. 

A little practice is alone necessary in order to obtain these 
effects with certainty, and to have the stick of sealimg-wax per- 

_fectly under control, so that by a single stroke of greater or 
less energy, a positive, negative, or neutral electric condition 
may be imparted to the sealing-wax, whatever may have been 
the previous state of the same. Continuing the friction with 


* Abstract of a communication made to the Academia de’ Nuovi Lincei 
of Rome, February 6, 1859. 
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properly adjusted energy, either electric state may be rendered 
permanent, or seizing the stick by the middle and stroking one 
extremity more vigorously than the other, the first may be made 
negative, the second positive; and thus different electric polarities 
may be developed simultaneously in one and the same body by 
rubbing its extremities with the same substance, but with differ- 
ent degrees of energy. 

To the phenomenon above described, Prof. Volpicelli has 
given the name of alternate polarity, in order to distinguish it 
from another, successive polarity, where, by changing the energy 
of friction, the developed electricity may be changed in one or 
the other way, but not back again. The three resinous bodies 
with which the phenomenon of alternate polarity may be obtained 
with certainty, are common sealing-wax (cera di Spagna), gum- 
lac, and jalap resin (resina scialappa). With ten other resins 
which were examined, as well as with amber, negative electricity 
alone could be obtained, no matter to what extent the energy of 
the friction was varied. A cold dry atmosphere is of course 
favourable to the success of the experiments with the three 
resins ; but at all times the effects described may be obtained, 
and that no matter whether the finger and thumb which impart 
friction be naked or covered; in the latter case, however, the 
glove should be well fitted to the hand. Amongst the few kinds 
of gloves with which the experiments do not succeed are fur and 
india-rubber ; with the former the electricity developed is always 
negative, and with the latter almost invariably positive. Another 
important condition appears to be a compact and polished resi- 
nous surface. Sulphur, which is not susceptible of such a polish, 
and whose particles are disintegrated by friction, does not mani- 
fest the alternate effects. 

If a stick of one of the three resins, after having remained 
for some time in a neutral state, be gently pressed between 
the finger and thumb, without intentional longitudinal fric- 
tion, positive electricity will be developed ; and subsequently 
this may be cancelled, and even transformed into negative elec- 
tricity, by gradually increasing the pressures. It would appear, 
however, that this negative electricity cannot be reconverted into 
positive by the reverse process, that is to say, by gradually di- 
minishing the applied pressures. 

Under favourable atmospheric conditions, negative electricity 
may often be changed to positive, without actual friction, by 
merely passing the fingers covered with an insulating tissue along- 
side the stick and as close to it as possible without contact. 

On raising the temperature of the three resins by means of the 
flame of a spirit-lamp (taking care not to render them flexible 
or plastic), they lose the property of producing positive elee- 
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tricity,—a fact which suggests the probability that, at a lower 
temperature, the ten resins before alluded to might exhibit the 
alternate phenomena. 

On rubbing a stick of sealing-wax, a yard in length, briskly 
with a linen cloth, it becomes negative throughout its whole 
length ; whilst in this state, if the same cloth be passed a few 
times more gently along the surface, the extremities will be found 

.to possess unlike polarities, and in the middle will be a neutral 
zone. 

The condensing electrometer of Volta was occasionally used 
in the foregoing experiments, but more generally the dry-pile 
electroscope. The latter was even placed under the exhausted 
receiver of an air-pump, when the effects were, if anything, still 
more manifest. The disturbing influence of air-currents, there- 
fore, was beyond all question eliminated. 

On first experimenting with glass rods and cylinders 6 or 8 
inches in length, the alternate effects obtained with resins did not 
manifest themselves ; it was only afterwards, when rods a yard in 
length, and rubbers of fine fur were used, that the experiments 
succeeded perfectly. Here, again, energetic friction tends to 
produce negative electricity, and gentler friction positive; and, 
as before, the passage from either electric condition through the 
neutral to the opposite may be brought about by changing solely 
the quantity of friction. 

The experiments succeed best with a rubber of fine fur, the 
thicker and finer the better; nevertheless the phenomena may 
also be obtained with a woollen rubber. Many different kinds 
of glass were examined, and with none were the experiments 
unsuccessful ; the ordinary greenish Roman glass, however, ex- 
hibited the effects with the greatest facility. The most conve- 
nient form was found to be that of a solid cylinder, 33 centi- 
metres in diameter, and not less than 3 decimetres in length; 
with shorter bars the developed electricity is almost invariably 
positive. As in the case of resins, the production of negative 
electricity is facilitated by previously raising the temperature of 
the bar over a spirit-lamp; and under favourable atmospheric 
conditions negative electricity, once developed, may be changed 
into positive without contact, by merely passing the rubber 
alongside of, and close to the bar. Here, too, a single stroke 
often suffices to develope negative electricity at one end of a bar, 
and positive at the other. English barometer-tubes in particular 
often presented this curious phenomenon. 

Some crystalline bodies also present the phenomena of alter- 
nate polarity. For instance, if one of the polished faces of a 
crystal of Iceland spar or of selenite be rubbed more or less 
briskly against a piece of flannel, fixed at one end and stretched 


~ 
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by the hand at the other, it will change the nature of its polarity. 
Here, however, it is important to observe that, contrary to the 
deportment of resin and glass, energetic friction tends to deve- 
lope positive, gentle friction negative electricity. 

Although it would be premature at present to attempt to 
explain the alternate phenomena above described, one or two 
hypotheses may be safely advanced. The change of temperature 
consequent upon more or less energetic friction can at most have 
but an indirect influence on the effects. To be convinced of this, 
it will be sufficient to recall the following facts :— 

First. The contrary electricities may be made to succeed each 
other as rapidly as may be desired, each by a single stroke dif- 
fering very little in energy from the preceding one, and hence 
producing no sensible variation in temperature, especially after 
the alternations have been continued for some time. 

Secondly. A rod of glass or resin may be made to manifest 
both kinds of electricity at one and the same time, its tempera- 
ture remaining sensibly the same throughout its whole length. 

Thirdly. Negative electricity may be changed to positive by 
passing the rubber alongside the rod without contact. 

Fourthly. At the commencement, positive electricity may be 
developed on glass or resin by means of very gentle friction, 
which will be accompanied by a small elevation of temperature ; 
afterwards more energetic friction may increase the temperature 
greatly, and still not change the nature of the electricity. 

These and many other facts would lead us to believe that 
change of temperature cannot be regarded as a direct cause of 
the phenomena under consideration ; indirectly, however, by 
facilitating more or less the vibration of the superficial molecules 
of the body, temperature is no doubt influential. The cause of 
the alternate effects must, in fact, be sought in the different 
kinds of vibration imparted to the molecules of the body; the 
experiments described appear to indicate that a mere difference 
in the amplitude of these vibrations may be sufficient to alter the 
electric state,—a greater amplitude (at least in resin and glass) 
corresponding to negative, a less to positive electricity, greater 
and less having reference to a certain mean amplitude which 
corresponds to a neutral electric state. 

The electric state of a body depending so essentially upon the 
quantity of motion impressed upon its superficial molecules, it 
ean no longer surprise that one and the same body entering into 
different chemical combinations should act at one time as the 
electro-positive, and at another as the electro-negative element. 
The distinction between vitreous and resinous electricity is at 
once seen to be untenable; and the electrical classification of 
bodies given in most physical works, and founded upon the 
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results obtained by rubbing one against the other, must neces- 
sarily be inexact, inasmuch as in many cases the electricity thus 
developed depends upon the energy of friction. 

Lastly, it follows at once from the foregoing facts, that in 
electrical researches, the dry-pile electroscope possesses import- 
ant advantages over all others wherein the unknown quality of 
the collected electricity is ascertained by means of comparison 
with that developed by the friction of resin or glass. Amongst 
the countless determinations of the nature of a given quantity 
of electricity which, for centuries now, have been made, who 
shall say how many have been erroneous ? 


VI. On some Optical Properties of Phosphorus. By Dr. J. 
H. Guapstone, F.R.S., and the Rev. T. P. Daz, M.A., 
F.R.A.S.* 


O* of the substances examined during our investigation of 

the influence of temperature on the refraction of lightt, 
was melted phosphorus; and so remarkable were the phenomena 
presented by this elementary body, that we have since examined 
it more fully, and with reference to other optical properties. 

Phosphorus has the reputation of being extremely refractive ; 
and the indices 2°125 and 2:224 have been assigned to it—num- 
bers only exceeded by that of diamond, 2°439, and of realgar 
and chromate of lead, which are reckoned to transcend even that 
amount. Unfortunately, however, in the above determinations 
of phosphorus it is not indicated what part of the spectrum 
was measured, nor is the temperature specitied—two very essen- 
tial particulars. 

Our measurements, made with the instrument of the Rev. 
Baden Powell, give the following as the refractive indices of solid 
phosphorus at 25° C. :— 


| 
| 
| 


Fixed line A, Fixed line D, End of violet. 
2-1059 2-1442 2:3097 


On account of a peculiar difficulty in distinguishing the fixed 
lines through phosphorus, to be noted hereafter, it is impossible 
to say whether the extreme limit of the visible spectrum corre- 
sponded precisely with H, or not. 

These numbers indicate not only a very high refractive power, 
but an unprecedented amount of dispersion. Assuming the end 


* Communicated by the Authors. 
+ Phil. Trans. 1858, p. 887; also Phil. Mag. No. 113, p. 222. 
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of the violet to be H, it gives— 
Length of spectrum . . .) #a—a=0'2038 
Dispersive power MuHa _o.178) 

Lp—} 

The spectrum seen through bisulphide of carbon is not half 
so long as this, wy—pa being at the same temperature only 
0:0906. The dispersive power is 0:1460. Oil of cassia is also 
largely exceeded in this respect by phosphorus, and the only 
substances which are reputed to be its rivals are realgar and 
chrolmate of lead; but to them have been assigned the scarcely 
credibe dispersive powers of 0°255 and 03. Strange to say, 
the measurements of the spectrum seen through phosphorus, 
which have been hitherto published, assign to it a length little 
exceeding that of the bisulphide of carbon spectrum, and con- 
sequently a dispersive power considerably less. 

Liquid Phosphorus.—The determination of the refractive and 
dispersive power of phosphorus in a liquid condition was attended 
with some difficulty, not merely on account of the inflammability 
of the melted element, but also because it attacked so readily 
the cement of the hollow prism and caused it to leak. After 
several trials, plaster of Paris was found to be an efficient means 
of retaining it. The following are the indices of refraction at 


35° C. :— 
rf | D. 


2-0389 | 2-0746 


F. G. 


21710 


End of violet. 


2-1201 2:2267 


These numbers indicate a considerable diminution both in the 
refractive and in the dispersive power. The change from the solid 
to the liquid state is also attended with a considerable diminu- 
tion of density ; and the ratio between the density and the mean 
refraction, p—1, is not far from being the same in the two 
conditions. Thus, in the paper already referred to, the index of 
refraction for the orange ray just before the line D, was found 
to be for solid phosphorus at 35° C., 2°1168 ; and for the same 
specimen when melted, but at the same temperature, 2°0709. 
The specific gravity of phosphorus in the two states at about 
35° C. has been subsequently determined. The following Table 
shows the ratio obtained by dividing the specific gravity by the 
mean refraction, that is, the refractive index minus unity :— 


ea 


Substance. Mean Specific Refractive 
refraction. gravity. power. 
Solid phosphorus at 35° C. ... 1-1168 1-823 1632 


Liquid phosphorus at 35° C... 1:0709 1:763 | 1646 
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From the indices given above for melted phosphorus, the fol- 
lowing numbers may be calculated :— 


Length of spectrum . . . =0:1878 
Dispersive power . . . . =0°1745 


These numbers are considerably less than those obtained for 
the same element in a solid condition: indeed the decrease in 
the dispersion would appear to be proportionally greater than 
that in the refraction. Till, however, H is actually measured, 
the data for an exact determination of this point are wanting. 

As with other liquids, the refractive index of melted phos- 
phorus diminishes as the temperature increases. Our former 
observations on the orange ray just before the fixed line D, led 
to the formation of the followmg Table :— 


Temperature. Refractive index. pei ced per 
30 C. 2:0741 
35 ,, 2-0709 ee 
40 ” 2°0677 0:0037 
45 » 2-0640 00037 
50,, 2-0603 0-0046 
55 ,, 2:0557 00042 
60 ,, 2:0515 oa 
65 ,, 20473 ete 
| Kies 2-0422 


The sensitiveness evidently increases as the temperature rises ; 
and it is far greater than that exhibited by any other substance 
examined by us, with the single exception of bisulphide of car- 
bon, which is about equally sensitive. The effect of changes of 
temperature on the dispersion could not be accurately determined. 

Phosphorus, as is well known, dissolves with extreme readi- 
ness in bisulphide of carbon. A saturated solution is almost 
as refractive and dispersive as melted phosphorus itself: indeed 
from one which was not perfectly saturated, the following ob- 
servations were made :— 


Extreme red ray. 


1-980 


Yellow ray. | End of violet. 


2-013 2°205 


These numbers are not worthy of much confidence, especially 
at the more refracted end of the spectrum. From a somewhat 
weaker, and therefore more manageable solution of phosphorus 
in bisulphide of carbon, the following indices were obtained :— 
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E. 


A. | a ida F. G. H. 
1-9209 | 19314 1-9527 | 19744 | 1-9941 | 2-0361 | 2-0746 
| | 

From these indices may be calculated — 
Length of spectrum . . . . =0°1537 
Dispersive pdwer. . . . . =0°16138 


The angular measurements from which these various indices 
were calculated were made only to minutes, as the fluctuations 
due to temperature rendered any greater nicety of no value. 
Another and more serious obstacle arose from a certain indi- 
stinctness of the spectrum as seen through phosphorus, which 
caused the recognition of the fixed lines to be very difficult. 
It is not easy to assign a reason for this: it is not due to 
the great refraction or dispersion; and though the extreme 
degree of sensitiveness may be a partial cause, it certainly will 
not account for the whole phenomenon. It is independent of 
the more or less crystalline condition of solid phosphorus, and 
of the presence of unmelted matter in the same substance when 
liquified ; for it is equally observable in a solution of the element 
in bisulphide of carbon, which of course may be obtained per- 
fectly clear. It is curious to observe how, on the addition of 
successive portions of phosphorus to bisulphide of carbon, the 
lines of the spectrum, which were originally sharp, become more 
and more cloudy. We are rather disposed to attribute this in- 
distinctness to a slight opalescence, caused by the beam of light 
‘ converting a little of the phosphorus into that allotropic condi- 
tion which does not melt at so low a temperature, and which is 
insoluble in bisulphide of carbon, and therefore assumes the 
solid form even while the observer is looking at the rays. 

The phosphorus experimented on was colourless, having been 
heated under water with bichromate of potash and sulphuric 
acid. The ordinary yellowish phosphorus, unlike most yellow 
substances, absorbs the extreme red rays, and transmits the 
blue, no doubt much weakened in intensity. This appears the 
more worthy of notice when we remember that another form of 
the same element reflects the red and absorbs the other rays. 

Phosphorus flame.—A strong solution of phosphorus in bisul- 
phide of carbon was burnt in a lamp. The intense white flame 
which resulted was found to exhibit a spectrum extending from 
about the fixed line a of the solar spectrum to the extreme violet, 
but perfectly free from any indication of dark lines or bands. 
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VII. On the Theory of Groups as depending on the Symbolic 
Equation 6" =1.—Part II.* By A. Caytry, Esq.t 
ober following is, I believe, a complete enumeration of the 
groups of 8 :— 
De igs koi pul he pe ee aL) a 
TSM ere eb ha, Ba Ca (aeHi, p=, aS ea): 
ATT 2s x, aX, 0°, 8, Ba, 2a*, pao (el, P=) abe), 
PVi Ce; a4, 2°; 6)'Ba, Baty ba’ (oF) B= 2", aes )- 
V. 1,4, 8, Ba, y, ye, yB, yBa (e®=1, P=], y=. 
aB=Ra, ay=yo, By=y8). 
That the groups are really distinct is perhaps most readily 


seen by writing down the indices of the different terms of each 
group ; these are—- 


I, ins, 4 8, 28, 4.9 
LL. 31 Us ep nd th oe A 
Ill. 1, 4, 2, 4, 2, 2, 2,2 
a ade a ae Sh RS a ae 
V.. 1,2. 2100. poo 9. 


It will be presently seen why there is no group where the 
symbols «, 8 are such that a4=1, 6? =1, «8=Ra*. A group 
which presents itself for consideration is 

la, Ca att, B, Ba, Ba’, Bab (at=1, PP=a?, a= Be) ; 
but the indices of the different terms of this group are 
1, 4, 2, 4, 2, 4, 2, 4, 
and if we write Ba=y, then we find y?=RBaBa=PBac=ai=1, 
ay=aB8a=Baa=ya; and the group is 
1, a, 07, a3, y, yo, yo?, ya? («t= 1, y2=1, ay=ya), 
which is the group II. 

The group IV. is a remarkable one; it appears to arise from 
the circumstance that the factors 2 and 4 of the number 8 are 
not prime to each other; this can only happen when the num- 
ber which denotes the order of the group contains a square factor. 
But the nature of the group in question will be better understood 
by presenting it under a different form. In fact, if we write 
Bai=y, «2 =6?=8, then we find «?=3a, Ba? =I, Ba=Ay, 
and the group will be 

Ly a, B, Y 3, Sa, SB, Sy, 


* See Phil. Mag. vol. vii. (1854) pp. 40, 408. 
+ Communicated by the Author. 
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where the laws of combination are 
oy 
By=a, ya=B, ab=y, 
yR=aS=3a, ay=BS=38, Ba=yS=Sy. 
Observe that 3 is a symbol of operation such that $?=1, and 
that 3 is convertible with each of the other symbols a, B, y. It 
will be not so much a restrictive assumption in regard to $, as 


a definition of —1 considered as a symbol of operation if we 
write $= —1; the group thus becomes 


d; a, B, Y> —1, =a; —B, Ms 


=fP=y'=-1, 
a=PBy=—yP, B=ya=ay, y=aB=Pa. 

Hence a, 8, y combine according to the laws of the quaternion 

symbols i,j, k; and it is only the point of view from which the 

question is here considered which obliges us to consider the 

symbols as belonging to a group of 8, instead of (asin the theory 


of quaternions) a group of 4. 
Suppose in general that the symbols «, 8 are such that 


a=), Bi=1,)0e8=Be", 
ap’ = Bra" ; 


and therefore if v=n, a% =a" or g%"-) =1, whence 
u(s"— 1)=0(mod.m) ; or since wis arbitrary, s*— 1=0(mod.m), 
an equation which, if m, n are given, determines the admissible 
values of s; thus, for example, if n=2, and m isa prime number, 
then s=1 or s=m—1. The equation «"8"=/"e"" shows that 
any combination whatever of the symbols «, 8 can be expressed 
in the form 6%«? (or, if we please, in the form #8"). It is proper 
to show that the assumed law is consistent with the associative 
law, viz. that the expression 


Brae, Bx. Blue 


ean be transformed in one way only into the form B%«?. We in 
fact have 


Bra" Bia =p’. a“Q* ee c— >, B a aa ae = 3+ gst 
and multiplying this by the remaining factor Bf’, we have 


pre, asttcBye a’, 
Dre 


where 


then we find 
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which is equal to 
df i 
Bord | Bias’ tl tes’. ye, 


or finally to 
Borat fqast + cs! +e, 


And the result would have been precisely the same if, instead of 
thus combining together the first and second factors and the 
product with the third factor, we had combined the first factor 
with the product of the second and third factors, so that the 
associative law is satisfied. 

It is now easy to see that if, as before, 

C= PH: esa pe", 

conditions which it has been shown imply s”=1 (mod. m), then 
the symbols @%a” (or, if we please, «”8"), where p has the values 
0,1,2...(m—1), and q the values 0,1, 2...n—1, form a 
group of mn terms. In particular, as already noticed, if n=2 
and m is prime, then s=1 or s=m—1 ; the two groups so ob- 
tained are essentially distinct from each other. If n=2, but m 
is not prime, then s has in general more than two values: thus 
for m=12, s?==1 (mod. 12), which is satisfied by s=1, 5, 7, 
and 11; the group corresponding to s=1 is distinct from that 
for any other value of s, but I have not ascertaimed whether the 
values other than unity do, or do not, give groups distinct from 
each other. 

For the sake of an observation to which it gives rise, I write 
down an example of a group corresponding to n=2, s=m—1, 
say m=5, and therefore s=4, so that we have 

=i bene BeGat, 
And the group is 
i a, a a, oo iss Ba, Ba?, Ba’, Bat, : 
the indices of the several terms being 
Lb, oebel bo oo ee 

The group is here expressed by means of the symbols a, £, 
having the indices 5 and 2 respectively, but it may be expressed 
by means of two symbols having each of them the index 2. 
Thus putting Ba=y, we find 6?=1, y?=1, (By)®=1, which is 
equivalent to (y@)°=1, and the group may be represented in 
the form : 


1, B, y, By; YB; ByB, y8y, ByBy, yBYB, By8yB=ByBy, 
the equality of the last two symbols being an obvious consequence 
of the equation (By)°=1. It is clear that for any even number - 


2p whatever, there is always a group which can be expressed in 
this form. 
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I take the opportunity of noticing that the theorem in sphe- 
rical trigonometry, which I gave in the February Number, is 
not new, but, as pointed out by Prof. Chauvenet in the Mathe- 
matical Monthly (Cambridge, U-S.), is to be found in Cagnoh’s 
‘Trigonometry’ (1808).—A. C. 

2 Stone Buildings, W.C., 

June 9, 1859. 


VIII. On the. employment of the Gnomonic Projection of the 
Sphere in Crystallography. By W. H. Miuuer, M.4A., F.R.S., 
Professor of Mineralogy in the University of Cambridge*. 


I. HE first great improvement in the methods of crystallo- 

graphy, after its establishment as a science, was un- 
-doubtedly made by Mohs and Weiss, independently of each 
other, in substituting axes for hypothetical integrant molecules, 
in the enunciation of the geometric laws discovered by Hauy. 
Next to this in importance was the graphic method invented by 
Neumann, and described in his Beitrage zur Krystallonome. 
He indicates the position of any face of a crystal by the outer 
extremity of a radius of a sphere, drawn perpendicular to the 
face; and that of a zone, or assemblage of faces intersecting one 
another in parallel lines, by a great circle the plane of which is 
perpendicular to the intersection of any two of the faces which 
constitute the zone. The several faces of a crystal being in this 
manner indicated by points upon the surface of a sphere, or by 
their poles, as it will be convenient to call them, and the zones by 
great circles passing through the poles of the faces of the zone, 
the points or poles may be projected upon a plane surface by any 
of the known methods of projection. Of these the stereographic 
offers many advantages on account of the facility and the accuracy 
with which the distances between the originals of any two points 
may be measured; or the points determined in the projection, 
having given the mutual inclinations of the faces they represent. 
In the gnomonic projection, the corresponding constructions are 
less simple. This projection labours also under the disadvantage 
that the half of a crystal cannot, as in the stereographic projec- 
tion, be exhibited on a single surface of finite extent. On the 
other hand, great circles being projected into straight lines, the 
zones to which a given face belongs can be very readily ascer- 
tained; and the situation of a face common to two zones can be 
much more easily determined than in the stereographie projec- 
tion. There are also constructions of great simplicity for find- 
ing the symbols of points in the projection, or for laying down 


* Communicated by the Author. 


38 Prof. Miller on the employment of the Gnomonic 


the points when their symbols are given, depending upon the 
equality of the anharmonic ratios of points and great circles on 
the sphere, with those of the points and straight lines into which 
they are projected gnomonically, which I now proceed to inves- 
tigate. 

“Arts. (2), (13), though to be found in every treatise on modern 
geometry, and art. (3), which occurs in Muleahy’s ‘ Principles of 
Modern Geometry,’ are given in order to save the trouble of 
reference. The results of (6), (7), (9), (10) have also appeared 
before ; the methods, however, of deducing them by spherical 
trigonometry, now given, are very much more simple and direct 
than those which I had previously employed. 

2. Let four straight lines passing through the point K, meet 
any other straight line in the points A, B, C, D. 


AB sin ABK=KaA sin AKB, 
DBsinDBK=KD sin DKB, 
AC sin ACK = KA sin AKC, 
DCsin DCK=KD sin DKC. 
Whence we easily obtain 
AB DC _ sin AKB sm DKC 
DBAC” snDKBsmAKCO ~*~ ~~ ~ (4) 
If the straight limes KA, KB, KC, KD meet any other straight 
hne in the points E, F, G, H, it is evident that 
ABDC _EF HG 8 
DAG a EEGOe tibebkle selins a i 


3. Let four great circles passing through the point K, meet 
any other great circle in the points A, B, C, D. 
sin AB sin ABK = sin KA sin AKB, 
sin DBsin DBK= sin KD sin DKB, 
sin AC sin ACK=sin KA si AKC, 
sin DC sn DCK=sin KDsin DKC. 


Whence 
sin AB sin DC i sin AKB sin DKC 
sin DB sn AC” smDKDsmAKC ¢ * (7) 


If the great circles KA, KB, KC, KD meet any other great 
circle in the pomts E, F, G, H, it is evident that 

sin AB sin DC _ sin EF sin HG 5 

eDbeadG; siHicn EG: )s fee 
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4. Let X, Y, Z be the poles of 
the sides of the spherical triangle 
ABC, opposite to A, B, C re- 
spectively; P any point on the 
surface of the sphere; a, 0, ¢ any 
positive constants. Let P be de- 
noted by the symbol / k /, where 


a 


b Cc 
i cos PX =~ cos PY = - cos PZ. 


l 


Diameters of the sphere passing through X, Y, Z will be 
called axes ; the constants a, b, c parameters; and the quantities 
h, k, | the indices of the point P. 

It is easily seen that if h, k, / be supposed all positive when P 
is within the triangle ABC, / will be positive or negative ac- 
cording as PX is less or greater than a quadrant, and that h 
will be zero when Pis in the great circle BC. The signs of k, / 
are determined by a similar rule. The symbols of the points 
A, B, C are 100, 010, 001 respectively. It is evident that 
the point P is equally well denoted by the symbol nh nk nl, where 
n is any positive quantity. The opposite extremities of the dia- 
meter of a sphere have the same indices with contrary signs. 


B. cos PX = sia PC sin PCB= sin PB sin PBC, 
cos PY + sin PA sin PAC=sin PC sin PCA, 


cos PZ =sin PB sin PBA=sin PA sin PAB. 
Hence 


: HAR : sin PAC, : sin PBC= : sin PBA, 


Oe ea ROR, ia tie fst sr LO 
a b 
sn ABsn BAP smBH sin BC sin CBP _ sin CK 
sinCAsinCAP sinCH’ smABsin ABP sin AK’ 
sinCAsin ACP sin AL 
sin BC sin BCP” sin BL’ 
Hence 
k smBH _ /smCH 7 sn CK _ A sin AK 
b sin AB csinCA’ c smBC” asinAB’ 
AsmAL & sn BL (t) 


a snCA 6 snBC' ° 
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6. Let the great circle EF y 
meet the great circles BC, CA, 
AB in the points D, E, F. Let 
uvw be the symbol of any point 
Pin EF. Draw the great 
circles AP, BP, CP meeting 
Bo, CA; Aa m U,V; WwW: a 
By (y), sin BD sin CU 
sin CD sin BU = Ww A 
_sinBPD snCPU _ sin VPE sn CPA _ sin VE sinCA 
~ sinCPD sn BPU ~ smCPE sin APV™ sinCE sn AV" 
But sin VEsinCA=sin CE sin AV— sin AE sin CV. 
Therefore 


sin BD sin CU sin AE sin CV 
snCDsnBU  smCE sn AV’ 
The symbol of P is ww, therefore by (), 
vsn BU wsnCU wsinCV_ usin AV 
bsinAB~ csinCA’ esinBC” asmAB 


Hence 

smAEsinBCu sinBDsinCAv w_ 

sinCE smABa'smODsnABb c~ 

Let Akl, pgr be the symbols of any two points in EF, not 
being opposite extremities of a diameter of the circle. Substi- 
tute h, k, /, and p, g, r successively for u, v, w in the preceding 
equation, and two other equations are obtained. The three 
equations give 
(kr —1q)u+ (lp—hr)v + (hq—kp)w=0. 


If 

u=kr—lq, v=lp—hr, w=hq—kp, . . (n) 
uvw may be taken for the symbol of the great circle passing 
through the points hkl, pqr. 

The equation 

u+tvw+ww=0 ..... . (6) 
expresses the condition that the point wow lies in the great 
circle uvw. 

7. Let uvw be the symbol of the point in which the great 
circles hkl, pqr intersect. Then by (@), since ww is a point in 
each of the great circles, 

hu+ kv +lw=0, 
pu+qv+rw=0. 
Whence 
u=kr—lq, v=lp—hr, w=hq—kp. . . (¢) 
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8. The expressions for u, v, w in terms of h, k,l, p, g, 7, when 
uvw is the symbol of a great circle passing through the points 
hkl, pqr, ave the same as the expressions for wu, v, w in terms of 
h, k, 1, p, q, r, when wow is the symbol of the intersection of the 
two great circles hkl, pqr. These expressions are easily remem- 
bered if we observe that, when written in a line, the last letter 
in each of the six products is obtained by writing p, g, r twice 
in inverse order. A rule for forming them was also given in the 
Philosophical Magazine for May 1857. 

9. Let efg be the symbol of the % 
great circle K P meeting BC, CA, 
AB in D, E, F respectively ; pqr the 
symbol of the great circle KR; ki, 
uvw the symbols of any points Q, S. 
Draw the great circle QS meeting 
BC in N, and KP, KR in P, R. 

Draw the great circles DQ, DS meet- 

ing the great circle BE in T, V. 

Draw Big cecal circles KQ, KS; and sia 3 
suppose the great circles CT, CV ® 
drawn. 

The symbols of A, B, C are 100,010, 001 respectively ; 
therefore (n) the symbols of BC, CA are 100,010. There- 
fore (c) the symbols of D, E are Og—f, g0—e. The symbol 
of BE is eOg, the symbol of DQ is —(fk+gl) fh gh, 
and the symbol of DS is —(fv+gw) fu gu. Hence (c), the 
symbol of T is fgh g(eh+fk+g/) —eth, and the symbol of V is 
feu g(eu+fv+egw) —efu. 

By (6), (y), 

sin PQ sn NS_ sin ET sinBV _ sin ECT sin BCV 
sn NQ sn PS” sin BT sin EV sin BCT sin ECV’ 
By (€), 


"8! sin BOT = oleh + + 8) sin BCT, 


- sin ECV = ete dit sw) sin BCV, 
Hence 
sin PQ sinNS _ u eh+th+gl 
sin NQ sin PS ~ h ew+ fu+ew' 
In like manner 
sin RQ sin NS u ph+qk+rl 
sn NQ sin RS ~ h put+qv+rw’ 


H ; ; 
ic sin PQ sin RS — eh+fk+ gl put qu+rw 


sin RQ sin PS — ph+qk+rl eu+fo+ Sapte (x) 


42 Prof. Miller on the employment of the Gnomonic 


where P, Q, R, S are four points in a great circle, efg, pqr are 
the symbols of any great circles through P, R, neither of which 
coincides with QS, and Ak/, uvw are the symbols of Q, S. 

Each of the ares PQ, RQ, RS, PS being supposed less than a 
semicircle, sin PQ sin RS, sin RQ sin PS have the same signs, 
except when one only of the points Q, S lies between P and R. 

10. By (7), 

sin PKQ sm RKS _ sin PQ sin RS 
sin RKQ sin PKS ~ sinRQ sin PS’ 


Therefore 
sin PKQ sin RKS _ eh+fk+g/ put+qu+rw (n) 
sin RKQ sin PKS ph+qk+rleu+fv+gw’ 


where KP, KQ, KR, KS are four great circles passing through 
the point K, efg, pqr are the symbols of KP, KR, and Adi, 
uvw are the symbols of any points in KQ, KS, neither of which 
coincides with K. 

Each of the angles PKQ, RKQ, RKS, PKS being supposed 
less than two right angles, sin PKQ sin RKS, sin RKQ sin PKS 
have the same signs, except when one only of the points Q, S 
lies in the lune PKR. 

11. When the points upon the surface of a sphere referred to 
in the preceding pages are the poles of the faces of a crystal, it 
is found that the ratio sm PKQsin RKS: sin RKQ sin PKS is 
always that of two whole numbers. Hence, it readily follows 
that the indices of the poles, and of the great circles passing 
through any two of them, are whole numbers, either positive or 
negative, one or two of which may be zero. 

12. Let the straight lines, 
four of which pass through the 
point K, intersecting the fifth 
in the points P, Q, R, S be the 6 
gnomonic projections of great 
circles of a sphere, the centre of 
which is O, Let K, P, Q, R, S be the originals of K, P, Q, R, 8; 
and let efg, pqr be the symbols of the great circles KP, KR; 
hkl, uvw the symbols of Q, S. 

By (e), 
sinPKQ smnRKS_ PQ RS _ sin POQ sinROS _ sin PQ sin RS 
sn RKQ sin PKS RQ PS sinROQ sn POS” sin RQ sin PS’ 
Hence by (a), («), 

snPKQsinRKS PQ RS __eh+fk+el/ pu+quvt+rw 

snRKQ sin PKS RQ PS ~ ph+qk4+r/ eut+fv+ew () 


The anharmonic ratios in which the letters P, Q, R, 8, deno- 


P 
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ting either points in a plane, or on the surface of a sphere, enter 
in the order PQ.RS: RQ.PS are positive, except when one 
only of the points Q, S lies between P and R. 

13. Let four straight lines 
passing through K, meet any 
other straight line in A, B, C, D. 
Through D draw DE parallel to 
KA, meeting KB in E, and K C 
in F. Through E draw EL 
parallel to KD, meeting KA J 
in L. Draw the straight line 
DL meeting K Bin M, and KC im N. 


Let 48 AB DC _ sin AKB sin DKC 
~ DB AC ~ sin DKB sin AKC’ 
By similar triangles, 
KA) SAB ADF OC 
DH DB? KA AC: 
Hence st =), DF, DE being measured in the same direction 


or in opposite directions, according as 2 is positive or negative. 
Since M is the intersection of the diagonals of a parallelogram, 
DM=LM, therefore (8) 


AB DC _LM DN _DN 
DBAC DMLN LN’ 
Hence N= D, L being on opposite sides of N, or on the 


same side, according as 2 is positive or negative. 

These properties afford constructions by means of which, 
having given the straight lines KA, KB, KC, KD, or the points 
A, B, C, D in a straight line, the value of X may be found ; or, 
having given ) and three of the straight lines KA, KB, KC, KD, 
or three of the points A, B, C, D, the fourth may be found. 

14, Let the points D, E, F, G, no three of which are in one 
straight line, be the gnomonic projections of four poles the 
symbols of which are known. To find the symbol of any pole P 
given in position. Let www be the symbol of P. Since the 
symbols of D, E, F,G are given, the symbol of the lines joming 
them two by two may be found by (7). By equating the 
value of sin EDF sin GDP: sin GDF sin EDP, obtained by 
construction, with its value as given by (u) in terms of the 
indices of DE, DG, F, P, an equation is obtained of the form 
au+bv+cw=0, where a, b, ¢ are integers. By equating the 
value of sin DEGsin FEP : sm FEG sin DEP obtained by con- 


struction, with its value in terms of the indices of DE, FE, 
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G, P, a second equation is obtained of the same form as the pre- 
ceding. From these two equations the ratios of u, v, w may be 
found. 

When P is in one of the lines 
through two of the points D, E, F, G, 
the equation (7), which expresses this 
condition, may be used in the place of 
one of the preceding equations invol- 
ving U, v, w. 

15. Let the points D, E, F, G, no 
three of which are in one straight line, 
be the gnomonic projections of four 
poles the symbols of which are known. 
To findP, having given its symbol uvw. 

Since w, v, w, the indices of P, are given, as well as the indices 
of DE, DG, F, X, the numerical value of sm EDF sin GDP: sin 
GDF sin EDP may be found. Hence DE, DF, DG being given, 
and the value of A, DP may be constructed. Inthe same manner, 
with ED, EG, EF, and the numerical value of sm DEG sin FEP : 
sin FEG sin DEP, EP may be constructed. The intersection of 
the lines DP, EP is the point P required. 

When the numerical values of uw, v, w are such as to show by 
(@) that P is in one of the lines joining every two of the points 
D, E, F, G, one only of the lines DP, EP suffices to deter- 
mine P. 

Or, since this line meets one of the other lines through every 
two of the pomts D, E, F, G, in a third point the symbol of 
which can be found, P may be determined by means of these 
three points, and the numerical value of the anharmonic ratio of 
these three points and P. 

16. Hence, if the gnomonic projections of four poles of a ery- 
stal, no three of which are in one straight line, and their symbols 
be given, the symbols of all the other poles can be found ; or, 
the symbols of the latter being given, the poles themselves can 
be determined, without any knowledge of the centre of the pro- 
jection, or of its distance from the centre of the sphere, or of 
any of the angles of the crystal, or even of the system of ery- 
stallization to which it belongs. 

17. Quenstedt indicates the positions of the faces of a crystal 
by the lines in which planes drawn parallel to them, through a 
given point O, intersect a given plane. The lines which repre- 
sent the faces are therefore the gnomonic projections of great 
circles of a sphere having their planes parallel to the respective 
faces of the crystal. The axis of a zone is represented by the 
gnomonic projection of one extremity of a diameter of the sphere 
drawn parallel to the axis of the zone. The lines and points 


G 


E 
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may be denoted by the symbols of the faces and zones they 
respectively represent. 

18. Let the straight lines four of / 
which pass through the point K, in- 
tersecting the fifth in the points P, Q, 
R, S, represent faces of a crystal, O 
being the fixed point. Let efg, pqr 
be the symbols of the zones the axes 
of which are represented by the points 
P, R, Akl, uvw the symbols of the 
faces represented by the lines KQ, 
KS. 


Oo 


By (2), PQ RS _ sin POQ sinROS 
RQ PS~ sinROQ sin POS’ 

But OP, OQ, OR, OS are four zone-axes in one plane. Con- 
sequently the corresponding zone-circles pass through one point. 
The sine of the angle between any two zone-axes is equal to the 
sine of the angle between the two corresponding zone-circles. 
efg, pqr are the symbols of the zones of which OP, OR are the 
axes ; hk/, uvw are the symbols of faces in the zones of which 
OQ, OS are the axes. 

Hence by (a), (A), 


sinPKQ sin RKS_ PQ RS eh+fk+ gl put+quv+rw 
sn RKQ sin PKS RQ PS ~ ph+qk+rl eut+fo+eu' ) 


19. Let the symbols of the 5 
faces represented by the lines 
AB, AC, BC, DE be given, and 
let www be the symbol of the 
face represented by the line 
MN. By equating the value of 
AD .BM : BD. AM, as given by 
construction, with its value as 
given by (v) in terms of the indices of the points A, B, and 
those of the lines DE, MN, an equation is obtained of the form 
au + bv +cw=0, where a, b, c are integers. The comparison of 
the value of AE. CN : CE. AN, as obtained by construction, with 
its value as given by (v) in terms of the indices of A, C, DE, MN, 
yields a similar equation. By elimination between these two 
equations the ratios of u, v, w may be found. 

20. Let the symbols of the faces represented by the lines AB, 
AC, BC, DE be given, and let u, v, w, the indices of a face to be 
represented by a line MN, be given. The numerical value of 
AD.BM: BD.AM can be found by (v) ; knowing this, and the 


M 
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three points A, D, B, the point M may be constructed by (18): 
In like manner, the point N may be constructed from the nume- 
rical value of AE.CN: CE. AN, and the points A, E, C. The 
line MN then represents the face uvw. 

21. Let the symbols of three faces in one zone, represented 
by the lines KP, KQ, KR, be given. Let the line KS re- 
present any other face ww in the same zone. By equating 
the value of sin PKQ sin RKS : sin RKQ sin PKS, found by con- 
struction, with its value as given by (v) in terms of the indices 
of KP, KQ, KR, KS, an equation is obtained of the form 
au+bv+cw=0, where a, 6, c are integers. The condition that 
the face represented by KS is in the zone represented by K, (0) 
furnishes an equation of similar form. From these two equa- 
tions the ratios of u, v, w may be found. 

22. Let the symbols of three faces in one zone, represented by 
the lines KP, KQ, KR, be given, and let wu, v, w be the indices 
of a face to be represented by a lime KS. The numerical value 
of sin PKQ sin RKS: sin RKQsin PKS can be found by (vy). 
From this, and the three lines KP, KQ, KR, the line KS can 
be constructed by the methods of art. 13. 

23. Hence, if the lines representing four faces of a crystal no 
three of which pass through the same point, and their symbols 
be given, the symbols of the faces represented by all the other 
lines can be found; or, the symbols of the latter being given, 
the lines which represent the faces may be constructed. It is 
not requisite that the place of the fixed point O, or the angles 
of the crystal, or the system of crystallization to which it belongs, 
should be known. 

24. In the preceding investigation spherical trigonometry has 
been employed in preference to analytical geometry of three di- 
mensions, because a knowledge of the former is practically indis- 
pensable to the mineralogist, while we are not bound to assume 
that he is acquainted with the latter. Moreover, the methods of 
spherical trigonometry appear to be more appropriate than those 
of analytical geometry, in discussing the relations between points 
and circles on the surface of a sphere, and the points and straight 
lines by which they are respectively represented in the gnomonic 
projection of the sphere. The results of arts. (6), (7), (9), (10) 
may, however, be easily and concisely deduced by the aid of 
analytical geometry. An expression equivalent to (6) combined 
with (7) was obtamed by Levy in this manner (Edinb. Phil. 
Journ. vol. vi. p. 226). Its usefulness was, however, greatly im- 
paired by the employment of a very defective notation. 

25. The plane which has for its equation 


h—+ke +12 =d, 
a b c 
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where a, b, ¢ are constants, and d is any positive quantity, will 
be denoted by the symbol Aki. 

Let the plane Ak/ meet the axes OX, OY, OZ in the pots 
H, K, L respectively. Then 


a b c 
Therefore 
On OK {OL 
ha Shae Sa . ot diy (eens Por a eat) (é) 

The three letters h, k, 1 will be called the mdices of the 
plane HKL. The plane HKL is equally well denoted by the 
symbol nh nk nl, where x is any positive quantity. 

26. The equations to planes parallel to the planes Aki, pqr, 
passing through the origin, are 


ner kt 412 =0, 
a b c 


Sins Oa COs 
Poy re =O; 


and the equations to the line in which they intersect are 


7a Bee: 
ua vb we 
where ; 
u=kr—lq, v=p—hr, w=hq—kp... . (0) 


Any straight line parallel to the straight le having for its 
equations 


will be denoted by the symbol uvw. The three letters u, v, w 
will be called the indices of the line. Any three quantities pro- 
portional respectively to u, v, w, may be taken for the indices of 
the line. 

27. Let wow be the symbol of a plane parallel to the lines 
hkl, pqr. Ifa plane be drawn through the origin of coordinates 
parallel to the plane wow, and if lines be drawn through the 
origin parallel to the lines hkl, pqr, the lines will be contained 
in the plane. The equation to a plane through the origin, par- 
allel to the plane wow, is 


ue +v44w2=0, 
a c 


b 


and the equations to lines through the origin, parallel to the 
lines hkl, pqr, are 
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Therefore, since the plane contains the lines 

hu+kv+lw=0, 

pu+quv+rw=0, 
u=kr—lq, v=lp—hr, w=hq—kp. . . (7) 
28. Through O, the origin of coordinates, draw the straight 
lines OP, OR, parallel to the lines efg, pqr, meeting the plane 
hkl in H, L, and the plane ww in U, W. Let planes parallel to 
YOZ, passing through the pomts H, U, L, W, meet OX in 
H’, U', L', W'. Draw OQ, OS parallel to HL, U W respectively. 

The equations to the lines OP, OR are 


Oe ae 

ea fb ge’ 
faite ROE 
pa qb re’ 


and the equations to the planes hci, 
uvw are 


hake ele = 
a b c 


a zZ 
ey eb ee <3 
a c 


b 


The distances OH’, OU’, OL', OW’ are the values of « at the 
points in which OP, OR intersect the planes Ak/, uvw. There- 


fore 
(eh+fk + gl)OH' =ead, 


(ew + fv +gw)OU! =eat, 
(ph+qk+r/)OL! =pad, 
(pu+ qv+rw)OW'= pat. 
By similar triangles, 
OH'_OU' |, OL/_ow 
OH ~ OU’ * OL OW 


Hence 


© 


OL OU _ eh+fk+gl putqu+rw 
OHOW  ph+gk+rieut+ttv+gw 9 © 7 (p) 
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But 
sin POQ sin ROS smOHLsnOWU_ OL OU 
sinROQ sin POS ~ sinOLH sinOUW~ OH OW’ 
Therefore 
sin POQ sn ROS _ eh+fk+ 91 put+qu+rw 
sin KOQ sin POS ph+qk+rleu+fv+ew’? ~ (2) 


where OP, OQ, OR, OS are four lines in one plane, efg, pqr 
the symbols of the lines OP, OR, and Aki, uvw the symbols of 
planes parallel to the lines OQ, OS. 

Each of the angles POQ, ROQ, POS, ROS being supposed 
less than two right angles, sin POQ sin ROS, sin ROQ sin POS 
will have the same signs except when one only of the lines OQ, 
OS lies in the angle POR. 

29. Let h, 1, u, w be the orthogonal projections of the points 
H, L, U, W in the preceding figure, on a plane through O, per- 
pendicular to the intersection of the planes hkl, uvw. In this 
plane draw lines perpendicular to Ou, hl, Ow, uw, meeting a 
circle described round the centre O, in the points P, Q, R, S. 
OQ, OS are respectively perpendicular to the planes Aki, ww. 
OP, OR are respectively perpendicular to planes containing 
the lines efg, pqr, parallel to the intersection of the planes 
Akl, uw. 

By similar triangles, 


Oh us; On, J Ol Ow 
OH Ov’ ** OL OW: 
Therefore 


sm PQ sin RS _ sin Ohl sin Owu 
sin RQ sin PS ~ sin Olh sm Ouw 
_01 Ou _OL OU 
~ Oh Ow” OH OW 
Hence 
snPQsn RS _ eh+fk+gl pu+qu+rw 
sin RQ sin PS” ph+qk+rl eu+fv+gw’ 
where OP, OQ, OR, OS are perpendiculars to four planes inter- 
secting one another in parallel lines, efg, pqr the symbols of 
lines in the planes perpendicular to OP, OR, and Aki, www the 
symbols of the planes perpendicular to OQ, OS. 
Each of the arcs PQ, RQ, PS, RS being supposed less than 
a semicircle, sin PQsin RS, sin RQsin PS will have the same 
signs except when one only of the points Q, S lies in the are PR. 
30. The expressions for the indices of a plane when referred 


to new axes, are easily deducible from (p). Let efg, hkl, pqr be 
Phil, Mag. 8. 4. Vol. 18. No. 117. July 1859. KE 


(7) 
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the symbols of the straight limes OU, OV, OW meeting the 
plane Awv in A, M,N, and the plane ww in U,V, W. By 
substituting A, N for H, L, and A, pu, v for h, k, 2 im (p), and 
then writing M for N, and h, k, | for p, q, r in the result thus 
found, the following equations are obtained :— 


eut+fut+gw OU _hu+kv+lw OV _ pu+quv+rw OW 
ea+fut+gvOA” ha+ku+lyOM ~ pr+qu+rv ON’ 


Or, writing a’, L!, c! for the respective denominators of the pre- 
ceding fractions, 


(eu + fv + gw) = =(hu+kv+lw) = =(put+qu+rw) ae 


Hence by (£) the symbol of the plane ww, when referred to 

the straight lines efg, hkl, pqr as axes, will be w'v'w!, where 
ul =eu+fv+gu, 

v =hu+kv+lw, I (v) 


wl=pu+quv+rw. 


IX. Observations on the Theory of Equations of the Fifth Degree. 
By James Cocks, M.A., F.R.A.S., F.C.P.S. &¢.* 


[Continued t from vol. xvii. p. 357.) 
42. UTTING the trinomial under the form 
v°—5Q2?+ EK=0, 
the equation in O(a), or 0, is 
(+ 5°QHO + 57Q*)?=5!9(108Q°E— E") 6. 
43. The assumptions 
po'=a, wO'=0, 52Q2u4=E, 
conduct us to the still simpler system 
2° —5T2?+ F=0, 
(+ 5H@+5H)?=(108—H)H?0, 
in which the accents are suppressed after transformation, and 
P=57P=2 (573; yA 5 PP per, 
44. In order to apply the formule of Euler and Bezoutt, I 


* Communicated by the Author. 

T Art. 41 is misnumbered “40.” In art. 36, line 5, for “ ./5 ” read 5. 

ft The notation at p. 200 of Ross’s translation of Hirsch’s Collection is 
substantially the same as that of Bezout at p. 544 of the Paris Mémoires 
for 1765, and is more convenient than Euler’s at pp. 91, 92 of vol. ix. of 
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take 
5°3= /—6, 5r9=X, 5rd = X,, 


and, combining the relations 
a=rs, b=r5, c=——, d=-, 


with the subsidiary equations 
1 1 
u=rd+ = v=7s— =f 
u= f/v—48, v= Vv?+48, wo'=w, 
the latter of which afford 
w? =u? + 43(u?—v?)— 1697, . . . «.. (d) 


2Q=ur(u+v)+(u—v)(23—w), . . . . (e) 
63?=uv(u? + v?) + (u?—v?—29)w, . . . . (f) 
—E=wv?+v°—53(u+v)(u2—v?-38—w). . .  (g) 
45. The symbols r and 7, have been eliminated by means of 
2r=utu, 2287r,=v+40, 
and their reduced reciprocals. 
46. Since u+v is a value of x, the operation 
B(u+0) {(u+)(e) + (f)} +2(8); 
which reproduces the trinomial, suggests that « and v should be 


separately determined in terms ‘of $ and « then formed by adding 
these expressions. 

47. Fixing # and varying 3, we find x in terms of different 
values of 3 which are thus connected with each other. Each 
particular value of x is, indeed, linked with three particular fac- 


I find 


the Petersburg Novi Commentarii. The former may be simplified; for if 
2° —5Px®—5Qa?— 5Ra2+h=0, 
a=ai+b?+c3+di*, and abed=—2, 

then 


P=ad+bc, 

Q=a?c+ab?+hd2+ ed, 

R=03b+ b'd-+ ac*+ cd?— P? —33?, 
—E=:3a°—5PQ— 108? , a = =), 

In the trinomial under consideration, I fy 
283,72) - 259 

a a4 ] pe co 

E=30° +105 (Q+=" 7) 


=Sa’—108 (Q i adchegies 4-). 


2 
E 2 
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tors of innumerable expressions of the fifteenth degree which 
can be found by combining two and two the values of 0. 
48. Let 
O-=2,4 ix, +7794 Brg t 24, 
0;= @', , Oya2) = 0',, ®ya3) — 0’, 
On.) =O, Oey =p Ono = Oe 
where, the interchange (23) being omitted, the relations are 
expressed by 


Oyjap) =O! 


and the transpositions (4B) have reference to the roots of the 
trinomial. 

49. Let ©", ©", and @iv denote what ©! becomes when 7 is 
replaced by 7?, 73, and 7* successively ; then 


©,+6,+, + Or =52;, 
©,0; + ©,0, =0, 
©,0,,0;, On =9,, 
for all values of n. 
50. We also have the alternative theorem*; either 


HET OLLE cg eee 


a+B—l» 


or . . 
OQ, oh oY — ©, 4- ©, an . . . ° . ° (i) 
where a and b occur in the pairs 


1 2 3 
Ae ibnlitaad Dap 
and (h) holds for the first pair, and (i) for the second and third. 
51. And, R being a rational function, we have 


R(@,, 4,,) (ap) a R(Oy, Ay), 


where #,, 2%, are any two of the four roots 2}, %q, #3, and x4, and 
a', b! as well as a, b occur in the foregoing pairs. 


* Hence } : 
(o',)?+ .. +(0%)?=(0n,)?+ .. +(e), 
and since 
e!, + Ov 2254 (i+74)(a) +24) +(F+25)(a.+25), 
we find that if 
=,=20!,e,"=(06',+0,i")(e,"+0,'") 
=5f 47, + (a +24)(%2 +25) t, 
then # is the root of a cubic whereof the coefficients are rational functions 
of zs. 
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52. Hence, if 
E,=R(A,, 44), £,=R(6,, 9), E,=R(O;, 85), 
we may form the cubic 
4 aé + bE+c=0, 
the coefficients of which will be rational functions of 2. 


53. But, even were the six values of 0 independent, we could, 
by introducing the suffixes in any three pairs, construct a cor- 


responding cubic 
E84 ACE? 4+0E4+¢=0: 


E ‘= oO; Al 0, 3 
then, using a notation analogous to that of art. 30, 
Fea © b =D*‘,— (@, O40, O e+ 0"; Py) 
C=D;—D (0, 440, 0'6+8's 0's) 
= {POP +O) +O. (Pot Oe) +P 30 (03 +05)}- 
54, Consequently it is upon the special forms of the functions 
R that the important question of the solvability of the equation 
in 6 turns. The cubic function &34+a&*%+ ...is always a 
divisor of the 15-thic function £+4+5D',)&"+ ... as the 
cubic function £+aé+...is of the 15-thic function &°+ 
5D,é4+ ...; and the coefficients D‘,, D',,... are symmetric 
functions of 6’, as D,, D,,... are of 9: but D,, Dg, ...are also 
rational functions of the coefficients of the given trinomial. 
55. Let 
(0; +.")2— (6/7 2— (@ -0*)(0;—-@) 


= 5?(u? —v? —w, = 570. 


ex. gr. let 


56. Then, expressing ©, as linear functions of ©,, we find 
50,0; =30,0, +5’, 
50,0, =30;07 —5%. 
57. Consequently 
570,= — (5997 —3.5?.3,)? 
and 
53y=—35,; or 44=9—Fh, 
if we replace 53 by ¢. And (g) becomes 
B40 +2—52(u+v)$,9,=0.......-. (J) 
58. But (see arts. 44-46) 7 is a rational function of 4,. 
Hence 3, is a rational function of $,, and ¢, of ¢). 
59. I infer therefore that the trimomial 


2” —5aaz?+a°=0 
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admits of finite algebraic solution. For one of the roots of its 
resolvent 


(t+ 5att?— 5a4)?= (a*#— 108)a%?, 
or 
+504? +a? Vat—108 . t—5at=0, 
is a rational function of another, and, if so, this sextic may be 
solved by the process of Abel. 


4 Pump Cowt, Temple, E.C., 
June 14, 1859. 


Note. Arts 55-59 were added by a postscript dated June 25, 
1859. 


X. On Todacetic Acid. 
By W. H. Perxtn, F.C.S.; and B. F. Dupra, Esq.* 


ye studying the action of bromine on acetic,acid, it 

struck us naturally that we might succeed in replacing 
the hydrogen of acetic acid, not only by bromine, but also by 
iodine. We first attempted to produce the substitution by acting 
on acetic acid with iodine at high temperatures ; but, proceed as 
we would, we were unable to obtain any results, the iodine appa- 
rently exercising but little action on this acid. A mixture of 
iodine and acetic acid, on being heated to about 200° C. for a fort- 
night in a strong sealed tube, gave a mixture of hydriodic acid 
and charcoal as a result. We mention this to show how far we 
carried the experiment of direct substitution. 

We have also tried to produce iodacetic acid by treating acetic 
acid with chloride of iodine, but without success. 

Having been unsuccessful in the above experiments, it appeared 
possible that we might obtain the acid in question by treating 
chloracetic acid, bromacetic acid, or one of its compounds with 
an iodide; for this purpose we selected bromacetic ether and 
iodide of potassium. 

On mixing equivalent proportions of bromacetate of ethyle 
(diluted with three times its volume of alcohol) and finely- 
powdered iodide of potassium, a reaction takes place, the liquid 
gets slightly warm, and becomes yellow when exposed to direct 
sunlight. After being digested at about 40° C. for a couple of 
hours in the dark, it must be filtered from the bromide of 
potassium which has formed, and which should be repeatedly 
washed with cold aleohol. The filtrate, after having been sepa- 
rated from the alcohol by distillation in a water-bath, and washed 


* Communicated by the Authors. 
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with water to separate any remaining bromide of potassium, con- 
stitutes the iodacetate of ethyle. Its formation will be easily 
understood as under :— 
C+ HS, C4(H? Br)O*+ KI=C? H®, C*(H? 1)0* + K Br. 
Bromacetate of ethyle. Todacetate of ethyle. 


To obtain iodacetic acid from this compound, it is first con- 
verted into the barium salt, which is afterwards decomposed by 
sulphuric acid in the following manner. 

The new ether is agitated with hydrate of barium and water 
in the cold, which soon decomposes it; the excess of hydrate 
of barium is separated by means of a filter, and carbonic acid 
passed through the filtrate throws down any that may be in 
solution ; it is again filtered, and the resulting liquor carefully 
evaporated and allowed to crystallize. The iodacetate of barium 
thus obtained is then dissolved in water, and decomposed by very 
cautiously adding dilute sulphuric acid until all the barium is 
precipitated as sulphate ; by this means an acid liquid is obtained, 
which is then concentrated in vacuo over sulphuric acid until it 
crystallizes. These crystals consist of crude iodacetie acid, and 
are rendered pure by being recrystallized two or three times. 

Thus obtained, iodacetic acid is a colourless substance, cry- 
stallizing in thin, tough, pliable, rhombohedral plates, which, 
when pressed together, look like mother-of-pearl. It is not de- 
liquescent. It has a very acid taste. It fuses at 82° C., and 
solidifies at 81°5; even at this low temperature it undergoes 
slight decomposition, becoming pink from free iodine: at a 
higher temperature it is quite decomposed, iodine being evolved 
in considerable quantities; a small quantity of the acid appears 
at the same time to be volatilized, and has a smell similar to 
bromacetic acid. 

Hydrate of silver added to the acid, or any of its salts, imme- 
diately seizes on the iodine and forms glycolic acid. 

The following combustions and iodine determinations were 
made, and, as it will be seen, agree very well with theory :— 


I. -7902 of acid gave °3716 of carbonic acid*. 
II. -9890 of acid gave -4659 of CO? and °1610 of water. 
III. -5420 of acid gave *6787 of iodide of silver. 


Per-centages :— 


r. 1H III. 
Carbon °. '.. =. 12°83 12°83 
Hydrogen . 158 
Jodine. ae ie 67°89 


* The hydrogen was lost. 
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The formula C4(H°1)O* requires— 
Carbine 22* 2 Ma. a 


Mydravenr i. 6 es 1:60 
Todine Ss "tie. (3 26842 


We have been able to produce but few of the iodacetates, or 
to study the metamorphoses of the acid, as it is so difficult to 
obtain in quantity. 

Iodacetate of Ammonium is a very soluble erystalline salt, not 
deliquescent. 

Todacetate of Potassium is a soluble crystalline permanent salt. 

Lodacetate of Barium is a crystalline salt, tolerably soluble in 
water, and precipitated from its solution by alcohol. Analysis 
gave the following results, which we place in juxtaposition with 
the theoretical numbers :— 


Theory. Experiment. 
Gian a 
Carbon (4 equivs.) . . 24 9:46 9°81 
Hydrogen (2 equivs.) . 2% ‘78 82 
Todine wo salen iii Oe. (Ue 49°63 _ 
OPIN ok ahhh a) Ue le Ue 26°90 
Oxygen (4 equivs.) . . 32 12°65 


253°47 100-00 

We should have repeated this analysis had we possessed suffi- 
cient substance; but the numbers agree closely enough when 
those obtained from the acid are taken into consideration. 

Todacetate of Lead crystallizes in prisms, is difficult to obtain 
pure, as it readily splits up into glycolic acid and iodide of lead : 
this is most readily effected by boiling. 

When we attempted to decompose the aqueous solution of this 
salt by sulphuretted hydrogen, we found that the liquid con- 
tained hydriodic acid and glycolic acid?, the iodacetic acid 
having been completely decomposed. 

Todacetate of Ethyle is an oily liquid heavier than water, of a 
very irritating nature, if anything worse than the corresponding 
bromacetic compound. We did not make an analysis of this, as 
it was quite impossible to obtain it sufficiently pure. It soon 
becomes brown from spontaneously giving off iodme. 

Todacetate of Amyle is an oily liquid heavier than water. It 
has the odour of pears, similar to the bromacetate of amyle, and 
also when heated irritates the eyes and nose. 

We hope in the course of a very short time to publish our in- 
vestigations on diiodacetic acid, which we have lately obtained. 


Lica] 


XI. On the “ Loss of half an undulation” in Physical Optics. 
By Proressor CHaruis*. 


B* experiments on light, certain facts have become known, 

which are described in the language of theory by the 
terms “loss of half an undulation;” but the theory of light 
usually adopted gives no explanation of the facts. It is not, 
however, to be inferred from this circumstance that the Undu- 
latory Theory of Light is at fault, since the theory alluded to, 
which for distinction might be called the Vibratory Theory, 
does not really involve the consideration of undulations. The 
only existing theory of light which is strictly undulatory is that 
which I have proposed in various published memoirs. The two 
views, as I have before urged, are essentially different. In the 
one the zxther is regarded as a continuous medium, and the 
phenomena of light are attributed to its motions en masse in 
waves or undulations: in the other the same phenomena are 
attributed to the vibrations of its constituent atoms. The expla- 
nation of phenomena in the former view necessarily requires 
the solution of partial differential equations ; in the other, as in 
every instance of the small vibratory motions of a discrete body, 
the equations to be solved are common linear differential equa- 
tions. Now it is possible that the vibratory theory fails to 
account for apparent instances of the loss of half an undulation, 
because common differential equations are inappropriate to the 
explanation of phenomena of light. At least, it may be shown, 
as I now propose to do, that such instances admit of explanation 
by means of deductions from partial differential equations. 

The loss of half an undulation is said to occur when light 
passes out of a transparent medium into vacuum, the phase of 
the light reflected at the boundary of the medium being the 
opposite to that of the incident light. An analogous fact occurs 
in air, when vibrations excited at one end of an open cylindrical 
tube are propagated to the other end. A condensed wave is 
reflected at the mouth of the tube as a rarefied wave, and a 
rarefied as a condensed wave. The explanation of this fact given 
by the mathematical theory of aérial undulations is such as fol- 
lows:—The density of the air which’ has issued, or is on the 
point of issuing, from the mouth of the tube, can be but very 
little different from that of the surrounding air, on account of 
the lateral spreading to which the condensation or rarefaction is 
subject on being propagated from the tube. If we consider an 
elementary particle situated at the mouth, and suppose it to be 
urged from within to without by an accelerative force due to the 
fluid pressure, then there must be at cach instant contiguous to 


* Communicated by the Author. 
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that position a decrement of density from within to without, due 
partly to the original waves, and partly to the lateral spreading. 
So far as the decrement is due to the original waves, the propa- 
gation from within to without tends continually to merease the 
density at the mouth of the tube. But this tendency is imme- 
diately counteracted by the lateral spreading, the effect of which, 
consequently, in producing decrement of density from within to 
without near the tube’s mouth, has at each instant a given ratio 
to the decrement due to the original waves. Analogous consi- 
derations apply to the case in which the particle is urged by an 
accelerative force from without to within. In this case the den- 
sity increases from within to without, and, so far as the increment 
is due to the original waves, the tendency of propagation is to 
diminish the density at the mouth. This diminution is imme- 
diately counteracted by the external lateral spreading, and the 
increment of density from within to without, due at any instant 
to the original waves, is thus augmented, and in the same con- 
stant ratio asin the former case. Hence, if the accelerative force 
impressed on the particle by the original waves be /f, the actual 
accelerative force is gf, q being a certain constant. In order 
that the density at the mouth of the tube may be always equal 
to that of the external air, or that the position of what is called 
a loop in this class of vibrations be at the mouth, it is necessary 
that the factor g be equal to 2. When this is the case, the 
motion within the tube, as the mathematical theory proves, con- 
sists of two equal series of undulations propagated in opposite 
directions. Consequently, as the motion is excited at one end 
of the tube, the effect that takes place at the opposite open end 
is a reflexion of the undulations im a phase contrary to that of 
incidence. A reflexion of the same kind would be produced by 
placing a diaphragm transverse to the axis of a tube along which 
a series of waves is propagated, and giving to it just double the 
velocity which the fluid im contact with it would receive from 
the undisturbed effect of the propagated waves. The diaphragm 
will thus impress on the fluid an accelerative force equal to that 
due to the waves, and give rise to two additional series of waves, 
equal in magnitude to the original series ; one of opposite phase 
and propagated in the opposite direction, and the other of the 
same phase and propagated in the same direction. By giving 
to the diaphragm any other motion having a given ratio, q, to the 
undisturbed motion, these effects may be altered at pleasure. 
If g=1, no effect is produced, and if g be less than unity, the 
return waves are of the same phase as the incident. 

In order to apply these considerations to the reflexion of 
light at the surfaces of transparent media, I shall suppose, for 
the sake of simplicity, that the light is incident perpendicularly 
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on the surfaces. As we have here to consider the action of 
transparent media on waves of light, it is necessary to make 
suppositions respecting the constitution of such media, and the 
dynamic relations subsisting between them and the luminiferous 
ether. On these points I have already advanced, with reference 
to a theory of physical forces, very definite hypotheses, from 
which, in the present theory, I shall not have occasion to depart. 
The following explanation, consequently, so far as it is success- 
ful, may be regarded as a corroboration of the truth of the 
hypotheses. I have supposed that visible media generally con- 
sist of a collection of hard and inert spherical atoms, which act 
upon each other dynamically only through the intervention of 
undulations of the ether. Accordingly the ether is of the same 
density within the media as without, and any effect which the 
media produce on the undulations propagated within them is 
due solely to the obstacles they present to the free motion of 
the zther, and the reflexions which take place at the surfaces 
of their atoms. In my communication to the ‘ Philosophical 
Magazine, for last March, I have given reasons for concluding 
that the part of the reflexions which is unaccompanied by con- 
densation produces a mutual repulsion between neighbouring 
atoms. But, if this be the case, it is evident that the same re- 
flexions must also act on the fluid itself. The effect of such action 
on waves propagated in transparent media, appears to admit of 
the following investigation. In the first place, it is to be re- 
marked, that the breadth X of a luminous undulation has a very 
large ratio to the mean interval between the atoms. This fact, 
as 18 known, has been established in the instance of glass, by 
microscopic observation of finely-drawn parallel lines on its sur- 
face, which are still seen distinctly separate, when the mean 
interval between them is less than X. By considering, in con- 
Junction with this fact, that the radius of an atom must be ex- 
ceedingly small compared to the interval from atom to atom, 
some idea may be formed of the extreme minuteness of the di- 
mensions which must be attributed to the ultimate particles of 
matter. Now I have elsewhere shown that if V be the velocity 
incident on a spherical atom of radius r, supposed at rest, the 
velocity reflected in a direction making an angle @ with the di- 
rection of incidence is, at the distance of R from its centre, very 
2 
nearly equal to V7 es 6. This expression applies to the re- 
flexion of velocity from an atom situated apart from all others. 
But in the case of an aggregation of atoms, the velocity reflected 
from a given atom in its turn suffers reflexion from all the atoms 
within a certain distance from it, and thus the decrement of 
velocity with increase of distance takes place more rapidly than 
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according to the law of the inverse square. Taking account of 
this circumstance, and the extremely small value of 7, it may be 
presumed that any effect of the reflected velocity on the fluid at 
a position P, is sensibly due only to reflexions from atoms situ- 
ated within a very small distance from P. That is, if a be the 
distance of P from a fixed plane, the effect at P of the reflected 
velocities may be supposed to be due only to atoms situated at 
distances from the plane between a—a and a+a, & being very 
small. Hence, if V be the velocity of the fluid at any distance 
z, and it be assumed that through the small interval 2, the 


ee : 
value of =a is very nearly constant at each instant, the re- 


sultant (v) of the reflected velocities is at the distance z in a 
given ratio to V, and the actual velocity at that distance is com- 
pounded of the velocities V+v and —v. Thus, by the retarda- 
tion due to the atoms, the effective accelerative force of the fluid is 
diminished in a constant ratio. Hence the fluid situated at the 
plane boundary of the medium is subject to precisely the same 
disturbance as that communicated by the diaphragm in the case 
above supposed, of aérial waves in a cylindrical tube ; that is, on 
the fluid in this position an accelerative force is impressed, which 
has a given ratio to that which would be due to the condensation 
of the incident waves if there were no disturbance. At the 
instant of intromittence into the medium, the disturbance acts 
as asudden retardation, and corresponds to a value of q less than 
unity. The reflected wave is, therefore, in the same phase as 
the incident. There is no reflexion after intromittence, because 
the retarding force then acts continuously, and has only the 
effect of altering permanently the relation of the condensation to 
the velocity, and the rate of propagation. On the passage of the 
waves out of the medium into vacuum, the retarding force sud- 
denly ceases, the rate of propagation and the relation of the con- 
densation to the velocity return to what they were before intro- 
mittence, and the effect on the fluid situated at the plane 
boundary of the medium, is the same as if an accelerative force 
were there impressed, having a given ratio q, greater than unity, 
to the accelerative force due to the original waves in vacuum. 
Consequently, the waves reflected back into the medium have 
the contrary phase to that of the incident waves. In this 
manner, as J conceive, the facts of observation are shown to be 
consistent with the undulatory theory of light, and the apparent 
loss of half an undulation is accounted for. 

Another instance of the supposed loss of half an undulation 
is mentioned in Art. 966 of Sir John Herschel’s ‘Treatise on 
Light.’ When a plane-polarized ray is bifurcated by transmis- 
sion through a thin plate of a uniaxal crystal, and the two por- 
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tions are incident in the same phase on a glass-refiector at the 
angle of complete polarization, no reflexion takes place if the 
plane of reflexion be perpendicular to that of the polarization of the 
original ray. As the reflexion is considered to bring the two rays to 
the same plane of polarization, it is imagined that the non-reflexion 
is caused by interference, and, as the lengths of the respective 
paths do not accord with this supposition, it is further supposed 
that one of the rays has suffered the loss of half an undulation. 
The necessity for these gratuitous suppositions arises out of the 
inadequacy of the vibratory theory of light to explain the phe- 
nomena. According to the hydrodynamical theory of polariza- 
tion, which I have given in vol. vii. part 3 of the ‘ Cambridge 
Philosophical Transactions,’ the two parts of a plane-polarized 
ray, bifurcated in the manner above stated, constitute, on meeting 
in the same phase, a plane-polarized ray equivalent to the origi- 
nal one, and having the same plane of polarization. It is for 
this reason, solely, that the compound ray is not reflected when in- 
cident on the glass-reflector in a plane perpendicular to that of 
original polarization. This simple explanation essentially de- 
pends on an investigation of the properties of polarized rays by 
means of partial differential equations, as will be seen by con- 
sulting the paper above cited. 

These are the only instances of the supposed loss of half an 
undulation in physical optics which require to be brought under 
discussion. 


Cambridge Observatory, 
June 20, 1859. 
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Etudes sur la Métamorphisme des Roches. Par M. Dr.zssz, Ingénieur 
des Mines, Professeur de Géologie dl Ecole Normale. 8yo. Dal- 
mond et Dunod, Paris. 


Bs this work M. Delesse has brought together part of his re- 

searches into the interesting subject of the metamorphism of 
rocks, the publication of which had hitherto been scattered through 
the Annales des Mines. 

He first of all considers metamorphism under two heads, namely, 
normal or general metamorphism, which proceeds from causes which 
are not obvious, and is produced on a large scale, and abnormal or 
special metamorphism, or what is called contact metamorphism. It is 
with the latter that he alone concerns himself in this work, in which 
he gives a great number of details on the metamorphic action pro- 
duced by eruptive (intrusive) rocks. This action is twofold, since 
not only does the intrusive rock exert a metamorphic action on the 
rock which it penetrates, but it is itself often more or less changed 
by the rock with which it comes in contact. 
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Secondary actions, moreover, are often set in motion in conse-~ 
quence of the infiltration of heated water, or of vapours; and these 
actions may extend to some distance from the actual intrusive mass, 

He divides the intrusive* rocks into lavas, trappean rocks and 
granitic rocks; and he examines the action of each upon the various 
rocks which include or surround them, as the ores, the combustible 
rocks, the felspathic rocks, and calcareous, siliceous, and argil- 
laceous rocks. 

The first conclusion which M. Delesse states as the result of his 
investigations, is that the metamorphic effect of mere heat has been 
greatly exaggerated; and he then gives an account of the action of 
heat on some substances, as observed in the laboratory and in sub- 
terranean fires in mines. 

We must say that the conclusions to be drawn from these experi- 
ments, as well as those derivable from the observation of the action 
of lava-streams on rocks, do not appear to us to be necessarily 
applicable to the action of deeply-seated rocks, without much 
caution and reserve. The conditions of pressure, and its action on 
the volatile constituents of certain rocks; the possible more or less 
complete exclusion of atmospheric air at great depths, and the 
difficulty of excluding it from rocks heated in laboratories or mines, 
and the possibly indefinite differences in the rates of cooling in the 
two cases, require, we think, to be taken into account to a much 
larger extent than they usually are. We examine a granitic or 
trappean dyke and the rock it traverses at the present surface of the 
ground, or in some mining gallery near the surface, and we often 
forget that at the time that dyke was injected ‘there was perhaps 
5000 or perhaps 10,000 feet of rock or more above what is now 
the surface. 

From Mr. Sorby’s recent admirable researches, indeed, it appears 
probable that in the case of many granite veins, instead of 5 or 10, 
we ought more probably to suppose 50 or 60 thousands of feet to 
have been incumbent on the rocks at the time of the injection of 
the granite. 

M. Delesse gives several careful descriptions, however, of locali- 
ties where trap-dykes were injected into rocks that were, at all 
events, not so deeply buried at the time of injection. Several of 
these places are in the County Antrim, where a vast mass of inter- 
stratified basalt and ‘‘ tuff” rests upon the chalk. He describes, at 
one place near the Giant’s Causeway, a bed of lignite as covered by 
a bed of trap, and so little altered that it is impossible, according to 
him, that the trap could have been a molten mass when it flowed 
over the lignite. He also gives a detailed description of the dyke 

* M. Delesse, as is usual on the Continent, uses the term “ eruptive” 
instead of intrusive ; as, however, the word eruptive seems to involve the 
idea of the rock reaching the surface, and as there can be little doubt that 
all the granitic rocks appear at the surface only in consequence of vast 
subsequent denudation, and were originally cooled and consolidated at 
great depths, it appears to us better to use the term “intrusive” for 
all the igneous rocks. 
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at Woodburn, which cuts through greensaud and chalk, both 
becoming crystalline near the dyke, and says that the existence of 
the Glauconite (a hydrosilicate of iron and potash) in a limestone 
which has become crystalline from the contact of trap, ‘‘ entirely 
excludes the hypothesis of that crystallization being the result of an 
action exclusively igneous.” 

His remarks on the metamorphic action which the trap or whin- 
stone of the neighbourhood of Edinburgh have produced on the grits 
of the Carboniferous formation there, are very interesting. The 
specimen of whinstone examined by M. Delesse contained— 


Residue insoluble in acid Sara OR a Oe!) 
DU AGEI Eee eS cin aos. fio, crete cree MEET hears, fale? TOS 
CAENONIC BCIG) 36, cits aids: cos ee ote ae ee 6°86 


It made a considerable effervescence when plunged into acid, con- 
taining carbonates of lime, of iron, and of magnesia. The great 
quantity of carbonic acid in the trap, he thinks, might have been 
the result of infiltrations of carbonate of lime, proceeding from the 
calcareous grit into which the trap was injected. This calcareous 
grit was, indeed, rather a sandy limestone than a grit, as M. 
Delesse observes ; for it contained 66°19 per cent. of carbonate of 
lime. He particularly points to the apparent presence of a mixture 
of zeolite in the grit when near to the trap ; and finishes his remarks 
on the metamorphism of the siliceous rocks, by calling attention to 
the fact of the frequent development of hydrated minerals, proving, 
as he believes, that in this metamorphism the “ premier rdle’”’ does 
not belong to igneous but to aqueous action. 

_,,His account of the action of the trap at Portrush in the North of 
Ireland, is given in the following abstract :— 

«« At Portrush, in the north-east of Ireland, we find a rock which 
at first sight appears to be trappean, and which nevertheless con- 
tains well-preserved fossils. 

“The partisans of Werner, Kirwan, Dr. Richardson, and Du- 
bourdieu liken this rock to a basalt ; they conclude, therefore, from 
the presence of fossils, that basalt has an aqueous origin, and was 
formed at the bottom of the sea. 

“The partisans of Hutton, Sir James Hall, Playfair, Dolomieu, 
contend, on the contrary, that the rock of Portrush was deposited 
in the bosom of the waters, and has since been modified by an 
igneous action. 

_ ‘Ata more recent epoch, the deposit of Portrush has been studied 
with much care by Messrs. Conybeare, Buckland, Bryce, Oldham, 
but above all by Mr. (now Sir Richard) Griffith and Colonel (now 
General) Portlock. 1 visited it myself in 1852; and I proceed 
to give a summary description of it, and will afterwards inquire 
what were the alterations undergone by the metamorphic rock of 
Portrush.” 

He then states that the base of the promontory is formed of a 
greenstone, which reappears in the Skerries, and that on this reposes 
a stratified rock which has been called ‘ chert, flint-slate, siliceous 
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basalt, pseudo-basalt, porcellanite, thermantide, lydianstone, horn- 
stone, petrosilex, and jasper.” He prefers to call it jasper. 

This jasper, he says, belongs to the Lias, as is proved by the many 
fossils it contains, and is covered conformably by the chalk. The 
thickness of the Lias here is only from 1 metre to 2°7 metres (say 
from 3 feet 4 inches to 8 feet), but it has under it a still more 
altered portion, which has been examined by Sir R. Kane, and 
found to contain augite and bronzite. 

It is traversed by veins, which become more numerous as we 
approach the greenstone, and are themselves filled either with green- 
stone or zeolites, while the stratification becomes more confused as 
we approach the greenstone, till the two rocks seem almost blended 
together. 

The greenstone is a dolerite very different in appearance from the 
basalt which covers the country around. It is formed of greenish 
Labradorite in macled crystals of several centimetres (1 centimetre= 
0°39, or nearly ;4,ths of an inch), and of blackish-green augite in 
fine crystals. We can also distinguish protoxide of iron, and some- 
times bronzed mica in plates of 1 centimetre. 

It is traversed by many zeolites, such as chabasite, natrolite, 
mesotype, mesole, Harringtonite, Heulandite, stilbite, apophyllite, 
Laumonite, aluminite, Scoulerite (Thomsonite), &c. It has also 
veins of carbonate of lime, white, yellowish, and spathose,—of iron 
pyrites, of stellite, and even of felspar, as also of augite, in very large 
crystals. 

The specimen examined by M. Delesse was taken from the large 
quarry, and contained 4°22 of water, leaving in hydrochloric acid a 
residue of 75 per cent. It contained no carbonate, as most trap- 
rocks do. 

The normal lias near Portrush is blue, argillaceous, calcareous, 
and consists, according to an analysis by Dr. Apjohn, of— 


Argillaceous and siliceous residue .......... 56°90 


Alumina 2;,2:chtt.t3 26) ccihidient . @ Geetha ese a 
Oxide: of ir6nist.a.:. eek Saleh en ek ees 
Water and loss) 02.5 > .onicteras olteh cee ee 10°95 
Carbonateéiof diniesia a4 sist. ae ast ees 19-02 
Carbonate of magnesia, .\. «4. 66st sem « 3°94 

100-00 


The lias metamorphosed into jasper splits into angular fragments, 
and contains veins of zeolite like those before mentioned in the 
dolerite. It may be divided into five varieties, varying in density 
from 2°836 to 2°610, and in quantity of water contained, from 1°33 
to 3°88. It melts easily but unequally at a red heat. It leaves a 
residue of 76°75 in hydrochloric acid. A specimen of a blackish- 
grey variety gave the following analysis :— 
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SUL ra gage ge A tilleb aee Geeta reste eats a'e .. o7°45 
SMUD «5 wats = 8 apm wen 3 Be erate eek t2. alpen fc)! 
Protoxide of iron ......2.%, Pate reaens: 8°55 
GE ETC cine ciate caine pai nse 40 *,0 traces 
uh 1 separ ap eles 2 PCS Eg te a: I 2 
Magnesia (diff.)..... RR RES wees ashe sem Od 
PSE co saaine dels 5 2 ace a RE eae Ae ee Wo: 
EE eee era hes ie Ap dae SM wee OES 3°69 
Water and loss by ignition ............ ae p00 
100:00 


It contains no carbonates; so that they have been destroyed by the 
metamorphism—but slowly, since the calcareous body of a Belemnite 
had been changed into a paste of petrosilex which preserved the 
structure. The lime had not been entirely removed, a part at least 
remaining as a hydrosilicate. If Dr. Apjohn’s analysis be a good 
representation of the normal lias, we see, since it contains no 
alkalies, that the altered lias had gained 6 per cent. of them. The 
occurrence of potash is remarkable, and is probably connected with 
that of the apophyllite, which is a zeolite having the composition 
KO, 2Si0*+8 (CaO, SiO*) +16HO. 

The proportion of silica is small for its name of “ flint-slate,” but 
is greater than that possessed by basalt. It is but little for a jasper, 
but is more than that usual in clay. 

Lastly, M. Delesse, admitting that the presence of black volcanic 
augite indicates a great heat, maintains that the occurrence of 
zeolite in such large quantity demonstrates the presence of water 
or aqueous vapour, and proves that the metamorphism of the lias 
was due to an action at once igneous and aqueous. 

Our space will not permit us to mention more of the numerous 
examples of this part of the subject which the book contains. 

M. Delesse gives a number of details respecting the alteration of 
the intrusive rock ; but in looking over these we have been struck 
by the difficulties of the investigation. It must generally be con- 
ducted by examining one specimen from the heart of the intru- 
sive rock, and another from the margin where it is near the in- 
cluding rock, and comparing the difference of the two. But it must 
necessarily follow that near the junction of the two rocks each is 
more likely to be “ weathered” or acted upon by the infiltration of 
water, &c., than at a distance from that junction. ‘he very line of 
division between the two gives access to the atmospheric influences. 
It becomes, then, exceedingly difficult to distinguish between the 
alteration produced by mere ‘ weathering” or infiltration, and that 
received by the intrusive rock from the reaction of the adjacent rock 
at the period of intrusion. It is only where the whole mass of one 
part of an intrusive rock differs from the whole mass of another 
part, the two parts being surrounded by rocks of a different charac- 
ter, that we can be sure that the difference arises from that source. 

The observat.ons of Prof. Haughton on the granite of the Mourne 
Mountains and ‘the neighbourhood, form the best, if not the only good 
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examples of this kind of investigation that we are acquainted with, 
though we know many cases where a similar research would be 
equally well rewarded. : 

We add M. Delesse’s final theoretical conclusions. 

** When we study the phenomena of metamorphism produced by 
the different eruptive rocks, we find that there exists a great analogy 
between them. 

«« Thus the metamorphism of limestone is nearly the same at its 
contact with lava, with trap, and with granite. 

“ We must nevertheless recognize the fact that lava alone bears, 
in itself and in its metamorphism, the stamp of a clearly evident 
igneous origin. 

*‘ Trap and the rocks which have a felspar of the sixth system for 
a base may present at the same time traces of an igneous and an 
aqueous action ; but, if we except basalt, the principal part is played 
generally by an aqueous action. In fact, these rocks have often 
produced no alteration on rocks with which they come in contact, 
and which are nevertheless very easily decomposed by heat; as, on 
the other hand, they have been very fluid, not only at great depths, 
but at the surface of the earth, on which they have been spread out 
in immense beds, we must admit that they could become entirely 
plastic without being actually reduced to a state of igneous fusion. 
I am induced to believe that they are susceptible of forming with 
water, aided by pressure and even by a moderate heat, a perfectly 
fluid muddy paste, which might be compared to a mortar; it is only 
in becoming crystalline and in losing a part of its water that this 
can assume its hardness and its great cohesion. 

“ On the other hand, we have seen that granite, when even it has 
been erupted in a fluid state, has not always caused an alteration in 
the rocks over which it has been poured out, nor in those which it 
traverses in the form of veins. The metamorphism at its contact 
is in every case very different from that of lavas. Consequently 
we must necessarily admit that granite can, like trap, become plas- 
tic without passing through igneous fusion such as we know occurs 
in lavas. 

‘«* These theoretical conclusions are, it is true, far removed from 
the ideas which are generally adopted as to the origin of the erup- 
tive rocks; they appear to me, nevertheless, to be immediately de- 
ducible from the studies which we have now made on metamor- 
phism.” 

Fully agreeing with M. Delesse on the very remarkable fact of the 
slight metamorphic action sometimes exercised by even large masses 
of igneous rocks on such matters as limestone or coal with which 
they come in contact, and not denying the probability of the pre- 
sence of water or vapour in many if not in all cases of subterranean 
igneous action, we yet cannot let the above remarks pass without a 
word of caution. The continental geologists in general seem to 
neglect, to a dangerous extent, the important subject of denudation, 
by which so many once deeply-seated rocks have been brought to 
the surface. We hold it impossible for any one to show a case of 
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nite or any similar igneous rock having been erupted at the sur- 
face in the manner apparently taken for granted by M. Delesse, and 
that rocks so erupted are always lava (whether doleritic or trachytic) 
or basaltic rocks, such as those which he says have alone the marks 
of decided igneous action. We think it most likely, then, that the 
difference in the effects of the lavas and the granitic rocks is due, not 
to the former having been more purely igneous than the latter, but 
to the different conditions under which they have acted. 


Lessons Introductory to the Modern Higher Algebra. By the Rev. 
GrorcE Satmon, A.M., Fellow and Tutor, Trinity College, Dublin. 
Dublin: Hodges, Smith & Co., 1859. 


Within the last eighteen years the old and well-trodden field of 
Algebra has been invaded by a host of new and strange intruders, 
with the odd-sounding names of ‘ Determinants,’ ‘ Hyperdetermi- 
nants,’ ‘ Discriminants, ‘ Emanants,’ ‘ Invariants,’ ‘ Evectants,’ 
* Bezoutiants,’ ‘ Hessians’ (having no connexion, however, with 
either ‘ Boots’ or ‘Crucibles’), ‘Canonizants’ (of no religion), 
‘ Dialytics,’ and ‘Quantics.’ Many a reader of the Cambridge 
Mathematical Journal, the Philosophical Magazine, Philosophical 
Transactions, &c., has wondered what it all meant—wondered 
sometimes, indeed, whether there was any meaning at all in these 
new expressions and their symbols. Very few even of the best 
mathematicians of the day have paid much attention to the subject 
as yet; but they are beginning to do so, finding that there is really 
something like a new branch growing out of their old tree—nay, 
more, that this young off-shoot is already bearing fruit. This ‘ Alge- 
bra of Linear Transformations’ ‘‘ may be said to date from a paper 
published by Prof. Boole in the Cambridge Mathematical Journal for 
Nov. 1841, which was mainly occupied with applications of the fol- 
lowing theorem :—Let an ordinary algebraic equation be made homo- 
geneous by writing 2: y for «; let these variables then be linearly 
transformed by writing \v+ py, 'v7+p'y for vw and y; and let V=0 
be the condition that the transformed equation shall have equal 
roots ; then the function V will be equal to the similar function for 
the original equation multiplied by a function of A, , d’, pw’, and not 
involving the coefficients of the original equation. . i eee ated 
Mr. Boole having in the paper just cited made important use of the 
principle here enunciated, Mr. Cayley subsequently proposed to 
himself the problem to determine @ priori what functions of the 
coefficients of a given equation possess this property of invariance ; 
viz. that when the equation is linearly transformed, the same func- 
tion of the new coefficients shall be equal to the given function 
multiplied by a quantity independent of these coefficients. The 
result of Mr. Cayley’s investigations was to discover that the pro- 
perty of invariance was not peculiar to the functions which had 
been discussed by Mr. Boole, and to bring to light other important 
functions possessing the same property. Subsequently it was found 
that functions could be formed involving the variables as well as the 
coefficients, and possessing the same permanent relation to the 
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original equation; that it was thus possible to form two functions 
connected by a certain relation between their coefficients, and such 
that, when both functions were linearly transformed, the same rela- 
tion should continue to exist between their coefficients. Functions 
so related have been called co-variants. The geometrical importance 
of this theory is now manifest. When we are given the equation 
of any curve or surface, the theory of linear transformations at once 
presents us with equations representing other curves and surfaces, 
and possessing permanent relations to the given one, which will be 
unaffected by any change of the axes of coordinates: and in like 
manner the same theory presents us with certain functions of the 
coefficients of the given equation, the vanishing of which must 
express.a property of the given curve or surface wholly independent 
of the choice of axes. Besides these geometrical applications, the 
theory has other important uses, which I shall not stop to enume- 
rate. That so valuable a theory is not yet as well known in this 
country as it deserves to be, must arise from the difficulty of becom- 
ing acquainted with it. I am sure that there are many mathema- 
ticians who find with regret that the more recent memoirs on this 
subject are unintelligible to them in consequence of their having 
overlooked the earlier memoirs, of the importance of which they 
were not aware at the time that they were published. And I feel 
that such persons will be ready to welcome an elementary guide to 
this branch of Algebra.” —Preface, p. vi—viii. 

From this book of Mr. Salmon, taken in conjunction with Mr. 
Spottiswoode’s on ‘ Determinants,’ and the work of Brioschi (trans- 
lated from the Italian into French by Combescure), any one may 
learn enough of the subject to qualify him for reading the original 
memoirs of Messrs. Cayley, Sylvester, &c. 
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ROYAL SOCIETY. 
[Continued from vol. xvii. p. 442.] 
Jan. 27, 1859,—Sir Benjamin C. Brodie, Bart., Pres., in the Chair. 


TLE following communications were read :— 

“Researches on a New Class of Organic Bases, conducted 

by Charles 8. Wood, Esq.” By A. W. Hofmann, LL.D., F.R.S. 
In his remarkable memoir* on the action of reducing agents on 
nitro-compounds, in which Zinin first pointed out the formation of 
organic bases by the substitution of hydrogen for oxygen, some expe- 
riments are recorded on the deportment of dinitronaphtaline (nitro- 
naphtalese) with sulphuretted hydrogen. Zinin states that this pro- 
cess gives rise to the formation of a basic compound crystallizing in 
delicate copper-red needles, and yielding with acids white scaly salts. 
In a subsequent paper+ Zinin returns to the action of sulphuretted 


* Bulletin Scientifique de St. Pétersburg, x. 18. 
fT Journ. fiir Prakt. Chem. Bd, xxxiii. 29, 
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hydrogen on dinitronaphtaline, and gives a fuller account of the pro- 
ducts obtained in this process, The basic substance arising from 
dinitronaphtaline crystallizes in colourless needles of great brilliancy, 
which contain 
C,, H,N, or C,, H,, N,. 

It is a well-defined basic body, which Zinin describes under the 
name of seminaphlalidam. From this later communication it would 
appear that the copper-red coloration originally observed was due 
to the presence of a foreign colouring matter, which can be separated 
by crystallizing the base alternately from alcohol and water. 

Subsequently the copper-red body appears to have been observed 
by Laurent*, who states that the action of sulphuretted hydrogen 
upon dinitronaphtaline gives rise to the formation of a carmine-red 
alkali. He did not, however, analyse this substance, and the dis- 
covery of nitranilinet having established the existence of basic nitro- 
substitutes, the compound in question was hitherto believed to be 
nitro-naphtylamine. 

The red crystals have of late been minntely investigated in my 
laboratory by Mr. Charles Wood, whose experiments have led to an 
unexpected result, which I beg to lay before the Society. 

A current of sulphuretted hydrogen transmitted through a boiling 
solution of dinitronaphtaline in weak alcoholic ammonia slowly reduces 
the nitro-compound. The process is continued for two or three hours, 
during which time the greater part of the spirit distils off ; the residue 
is acidified with dilute sulphuric acid, and the liquid heated to ebul- 
lition. The filtered liquid deposits on cooling a yellowish brown 
sulphate, which may be purified by several crystallizations from boiling 
water. The addition of ammonia to the solid sulphate immediately 
changes the colour to a fine dark carmine-red ; the base thus libe- 
rated is washed with cold water, and finally purified by crystallization 
from water or very dilute alcohol. 

Thus prepared, the substance, for which Mr. Wood proposes the 
name ninaphtylamine, is a light flocculent mass, composed of little 
acicular crystals, which are partially decomposed by exposure to a 
temperature of 100°C. — It is difficultly soluble in boiling water, but 
extremely soluble in alcohol and ether. 

In the analysis of the base dried iz vacuo over sulphuric acid, 
Mr. Wood has obtained results which lead to the formula 

C,, H, N; O,. 

This expression was confirmed by the examination of several of 
the salts of the new base. 

Sulphate of ninaphtylamine is obtained either by recrystallizing 
the crude salt formed in the preparation of the body, or by dis- 
solving the pure base in dilute sulphuric acid. It forms white 
scales, which are apt to be decomposed by recrystallization from pure 
water. The salt dried in vacuo over sulphuric acid contains 


2(C,, Hi, N, 0.), i, 8, O,. 


* Compt. Rend. xxxi. 538. 
+ Muspratt and Hofmann, Memoirs of the Chemical Society, vol. iii. 111. 
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Hydrochlorate of ninaphtylamine forms acicular crystals; they 
are obtained like the sulphate, which they resemble in their general 
deportment. Composition : 

C., H, N, O,, H Cl. 

The platinum-salt of ninaphtylamine forms rather soluble yel- 
lowish-brown crystals, which are obtained by adding a concentrated 
solution of dichloride of platinum to an alcoholic or ethereal solution 
of the base. It has the usual constitution, containing 


C,, H, N, O,, HCl, Pt Cl,. 


If it be permitted, in the absence of further experimental evidence, 
to speculate upon the molecular constitution of the body which forms 
the subject of this note, the simplest interpretation of its composition 
and formation would be to view it as a substitution-product of naph- 
tylamine, but differing from the ordinary nitro-substitutes, by con- 
taining the elements of binoxide, instead of tetroxide of nitrogen. 


C., H, 
Naphthylamine ..C,,H,N = H iN, 
H 
: C,, (H, NO.) 
Ninaphthylamine. . C,, H, N,O,= H ;N 
; H 
Its formation would then be represented by the equation 
C,, [H, (NO,).]+4 H,8,=3 H,0,+88+C,,[H, NO,] N 
SSS ee ee 
Dinitronaphtaline. Ninaphthylamine. 


Bodies in which binoxide of nitrogen figures as a material of sub- 
stitution are as yet extremely rare, whilst nitro-substitutes containing 
the elements of hyponitric acid are of the most general occurrence. 

Some chemists have considered nitrous ether as a binoxide of 
nitrogen derivative of alcohol. 


Aleehol 72 See Se CFO: 
Nitrous ether ..s6500¥5 0s C, (xo )o.- 


The most interesting illustrations of this kind of substitution, how- 
ever, have been furnished by Messrs. Church and Perkin* in the 
colouring matters produced by the action of nascent hydrogen on 
dinitro-substitutes, or of nitrous acid upon certain monamines. 


Phenylamine ............ C,, H,N. 
Nitrosophenyline ........ C,, (wo): 
Naphthylamine.......... C,,H,N, 
Nitrosonaphtyline........ Cx No.) 


Expressed by these formulz, the substances in question appear to 
be closely allied to Mr. Wood’s base ; in fact, nitrosonaphtyline has 


* Journal of Chemica! Society, vol. ix. 1. 
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the same composition as ninaphthylamine. But a superficial com- 
parison of the properties of the two bodies excludes any idea of their 
being identical. The formule of nitrosophenyline and nitrosonaph- 
tyline have not as yet been finally established by the analysis of their 
compounds, these substances, like colouring matters in general, 
being of an indifferent character. It is probable that they are formed 
by the association of several molecules, a supposition which receives 
considerable support from the discovery of ninaphthylamine. 

The formation of ninaphthylamine promises to add considerably 
to the number of nitro-derivatives of the aromatic monamines. To 
each of these substances probably corresponds a nitrous and a nitric 
substitution-base, but as yet we are unacquainted with a single one 
in which both derivatives are known, as shown by a glance at the 
groups best examined. 


Phenyle Group. Naphtyle Group. 
CO, of 
Phenylamine. . .. “ik SN, Naphthylamine ie 
H H 
C,, (H, NO,) C,, (H, NO,) 
Unknown .. pan N, elt pe | N 
H eoeee sei 
Nitrophenyl-" a i N, Unknown ie ee: N 
amine. . . - H “ tr 


“Qn the Thermodynamic Theory of Steam-engines with dry 
saturated Steam, and its application to practice.” By W. J. Mac- 
quorn Rankine, C.E., LL.D., F.R.S.S.L. & E. 

In 1849 it wasdemonstrated, contemporancously and independ- 
ently, by Professor Clausius and the author of this paper, from the 
laws of thermodynamics, that when steam or other saturated vapour 
in expanding performs work, and receives no heat from without, a 

ortion of it must be liquefied. 

That theoretical conclusion has since been confirmed by practical 
experience. 

The principal effect of the “ steam-jacket”’ invented by Watt is to 
prevent that liquefaction. 

The presence of liquid water in any considerable quantity in the 
cylinder of a steam-engine acts injuriously, by taking heat from the 
steam while it is being admitted, and giving out that heat to the 
steam which is about to be discharged. Most of the heat so trans- 
ferred is wasted. 

The only exact thermodynamic formule for the work of steam 
hitherto published (by the author in the Phil. Trans. 1854, and by 
Professor Clausius in the Philosophical Magazine for 1856), are 
adapted to steam which receives no heat in expanding. 

The present paper, after recapitulating the general equation of 
thermodynamics, and the special formule for the pressure, volume, 
and latent heat of steam, proceeds to the investigation of the exact 
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formule for the work of steam which is supplied during its expan- 
sion with just enough of heat to prevent any appreciable portion of 
it from condensing, for the expenditure of heat in producing and 
using that steam, and for its efficiency in producing motive power. 

There is explained a convenient approximation to the exact for- 
mul, founded on the facts, that for initial pressures of steam of 
from 30 to 120lbs. on the square inch (including atmospheric 
pressure), and for ratios of expansion up to sixteen, the pressure of 
saturated steam varies nearly as the seventeenth power of the six- 
teenth root of its density, and that the expenditure of heat in an 
engine in which dry saturated steam is used, expressed in units of 
energy, is nearly equal to fifteen-and-a-half times the product of the 
initial pressure and volume of the steam expended. 

Lastly, there are given examples of the application of the formule 
to the engines of three steam-vessels lately experimented on by the 
author. The displacements of those ships are from 700 to 1100 
tons; the indicated horse-power of their engines from 226 to 1180; 
the initial absolute pressures of steam in their cylinders range from 
32 to 1084 1b. on the square inch, and the ratios of expansion from 
4 to 16. In each case the difference between the results of calcula- 
tion and experiment is within the limits of error of observation, and 
ranges from =), to +4, of the actual work of the steam. 

The author has computed Tables of the results of the formule, 
exact and approximate, which are now in the course of being printed. 


SumMARY oF ForMuLz.—WNotation and Constants. 


t, absolute temperature in degrees of Fahrenheit, = temperature 
measured from the ordinary zero + 4612. 

Pp; pressure in pounds on the square foot. 

v, volume of one pound of steam in cubic feet. 

t,, Py V,, refer to the admission of steam into the cylinder. 

t., PD. V., to the end of the expansion. 

7=V,~+0,, ratio of expansion. 

ps,= pressure of exhaustion. 

t,, absolute temperature of feed-water. 

J, ‘‘Joule’s equivalent,” or specific heat of one pound of liquid 
water, =772 foot-pounds per degree of Fahrenheit. 

W, work of one pound of steam. 

%, expenditure of heat per pound of steam in foot- pounds. 

a=1109550 foot-pounds. 

6=540'4 foot-pounds per degree Fahrenheit. 

Efficiency of steam, W +2. 


Exact Formule. 
t 
W=a hyp. log re — bE, —t,) +v,(p,—Pps)- 


t 
2 =a(1 +hyp. log a) —bt,+ J(é,—t,). 


Mr. C. V. Walker on Platinized Graphite Batteries. 78 
Approximate Formule. 
W +2,=p,(1 ae 1617 i6) —Pp,- 
1 
®H +v,= = 


In applying the exact formule, the relations between p, v, and ¢ 
may be found by means of known formule or Tables. 


February 3.—Sir Benjamin C. Brodie, Bart., President, in the Chair. 


The following communication was read :— 

“On Platinized Graphite Batteries.’ By C. V. Walker, Esq., 
F.RB.S., F.R.A.S., &e. 

In a short note communicated to the Royal Society on March 
9th, 1857, and which was read on March 19th, reference was made 
to the voltaic combination that I had adopted for certain telegraphic 
purposes ; namely, zinc-graphite. Graphite in its crude state had 
for some years been of great service to me, especially for batteries 
whose resting time is great in proportion to their working time. 
Since the date of that notice, I have considerably increased the value 
of graphite for electrical purposes by platinizing it according to the 
process first described by Mr. Smee, whose platinized silver battery 
has been long known and much used. The material to which I 
refer by the term “ Graphite,”’ is the crust or corrosion that is col- 
lected from the interior of iron gas retorts that have been long in use. 

My first crude graphite battery of twelve pairs of plates was set 
up on April 5th, 1849, for working the telegraph from my residence 
at Tonbridge to the Telegraph Office about a mile distant. It was 
charged with sand saturated with diluted acid; and had not been dis- 
mounted in March 1851, when I changed my abode. During the 
interval, the sand was from time to time moistened with acid water or 
water only. The plates in this case had been roughly chipped out and 
rubbed on stone into something like shape. In the mean time I 
had some sets of plates cut at the Locomotive Works, Ashford, and 
was thus enabled to obtain further results. I forwarded a graphite 
battery to the Great Exhibition in 1851, for which a prize medal 
was awarded, The introduction of graphite into anything like 
general use was for a long period no easy matter, on account of the 
difficulty of finding any one who would undertake to cut it into 
plates, its hardness destroying the tools; and the then limited de- 
mand did not encourage any one to construct special machinery for 
the purpose. My wants at length reached the ear of Mr. J. Robin- 
son of Everton, Liverpool, who took the matter thoroughly in hand, 
and has succeeded perfectly in cutting plates into any form and to 
comparatively any size, at a very moderate cost, for which I am much 
indebted to him. I have before me plates 12 inches X 10 inches, 
of smooth texture and uniform thickness, and have seen some of 
double that size. 

The plates in common use for bell signals are 73 inches x 3 inches 
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and 2 inch thick, of which about 2000 are in daily use on the South 
Eastern Railway, and the greater portion of these are now platinized. 
The plates are delivered to me in their crude state, that is to say, 
they are merely cut into form. Immediately on arrival they are 
placed in a stone pan, and covered with a mixture of 1 sulphuric 
acid + 4 water, in which they are allowed to remain for three or 
four days or more. They are taken out as required, and are washed 
under a tap of running water ; this operation dissolves out any foreign 
matter that might be pernicious in a voltaic combination wherein 
sulphuric acid was employed ; they are then partially dried. A hole 
for a rivet is next drilled in the middle, near the top of each plate— 
a belt of varnish one inch wide is applied to the top on both sides of 
each plate—a blank one inch square, having the rivet hole for its 
centre, being left unvarnished on each side—electrotype copper is 
then deposited on the blank square in the usual way. The deposited 
metal is then tinned, no part of the copper being left bare; a con- 
necting slip of copper, 6 inches x 1 inch is prepared and also 
entirely tinned ; this is riveted to the graphite plate with a copper 
rivet, also tinned. The soldering iron is now applied, and a little 
solder run in between the two surfaces. By thus protecting all the 
exposed copper with tin, the formation of sulphate of copper and its 
attendant inconveniencies are prevented. The plate is now platinized. 

A mixture of 1 sulphuric acid + 10 water is placed in a vertical 
glass cell, to this are added a few crystals of chloride of platinum till 
the solution presents a faint straw colour. The battery power em- 
ployed for platinizing is three cells of platinized. graphite and zine. 
The positive electrode is platinum or graphite itself, and is presented 
to both sides of the plate that is to be platinized. The action is 
allowed to go on for about twenty minutes. ach finished plate is 
tested as to its power of liberating the hydrogen of electrolysis, by 
placing it in acid water in contact with an amalgamated zine plate. 

I have drawn out the above description in the presence of our 
assistant, who attends to this department of the telegraph establish- 
ment, in order to be correct in the small details. 

The battery-cells for the plates above described are quart jars of 
stone-ware that resists acid. The exciting solution is 1 sulphuric 
acid + 8 to 12 water. Zinc plates are riveted to the other end of 
the copper connecting slip, also with tin rivets. The zinc is strongly 
amalgamated. It is dipped in a vessel containing 1 sulphuric acid 
+ 4 water, and after a few seconds, more or less, is withdrawn and 
thrust in its then condition into a trough of mercury, and set aside 
to drain. On the following day it is treated in a similar manner. 
When the batteries are being put together, and before the zincs are 
placed in the jars, the foot of each is placed in a trough or slipper 
of gutta percha, 3 inches by } inch, containing about a couple of 
ounces of mercury. A battery thus carefully prepared will stand for 
an indefinitely long period with little perceptible waste, and be ready 
for use at all times. Under ordinary circumstances it is not neces- 
sary to dismount the batteries employed for telegraph ‘signaling 
more than once a year. Mercury is added during the interval, and 
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the jars are filled up as occasion requires. The greater portion of the 
mercury is recovered: when old plates come home, a considerable 
quantity of rich amalgam is scraped from the plates; this is placed 
in jars of acid water, and a few pieces of graphite are thrown in; the 
electro-chemical action makes the amalgam poorer of zine, and mer- 
cury is easily expressed. By continuing the operation, more mer- 
cury, to the amount in all of nearly three-fourths, is recovered. 

As an illustration of the economic importance of this material in 
applied science, I am informed that the silver plates of the batteries 
constructed for the Atlantic Telegraph cost £2520 or more. On my 
having directed the attention of the Company to graphite as a sub- 
stitute for silver, a set of plates were ordered, equal in number and 
size, which were supplied (furnished with electrotype copper and 
connecting wires) for £216. 

The following Table illustrates the effective working powers of 
platinized graphite, as compared, under like circumstances, with pla- 
tinized silver, given in lifting powers in pounds. A third column is 
added, giving the results when table salt is dissolved in the water 
employed with the graphites. 


Table I. 
Electro-magnet; 10 yards No. 16 wire. 
12 cells in series. 12 cells in double series of 2 
sixes. 
5 o 
2 Bibho seks 2 g | st8 
= 2 aq a 3 = we ‘gd 
— i=") [=a] 4 i") i] 
D ted F] 3 2 TA 3 SI 
Bal 7 So) 6 |e lee? cl eae 
pa | oS 


yds. || lbs. | lbs. | Ibs. || yds. Ibs. | lbs. | Ibs. 
10 co) Y 


14'75| 14 15 I 22°5 | 20°§ | 20 
184 | 10 12°5| 9 147 14 10 9 
247 || 7 9 | 8 284 825] 7 7 
421 6 7 |-6 421 5 5 4 
558 || 5 5 | 4 558 3°25| 3 2°5 
695 || 4°5 ad Re 695 2 2°25) 1°5 
832 || 3 2°5| 2°5 || 832 2 I's 1'25 


6 cells in double series of 2 
threes. 


695 I I 


fe) 12'25| 10 10 14 14 14 
147 9 625) 7 147 4 4 5 
284. 5 4 4 284. 2°5 2°25) 2°5 
421 3°5 4 25 || 421 2 75 2 
558 2°25 2 558 1'5 Ak x 
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Electro-magnet ; 274 yards No. 16 wire. 
12 cells in series. 


Resistance. || Silver, Graphite. Graphite. 

yds, lbs. lbs. Ibs. 

137 X2 14 18 22°5 

137 X3 12°75 15°75 14 

137 X4 10 13 II 

137X5 9 12°5 II 

137 X6 9 10°75 II 

137X7 | eS) 955 

137X8 | 8°75 95 8°75 


6 cells in series. 


137 X2 | 9°75 12°75 11 
137X3 8 10°75 10 
137X4 || 7°25 10 9°5 
1375 | 7°75 9 9 
137 X6 7 8 9 
137X7 6°75 9 3°75 
137 X8 7 8°75 8 
6 cells in double series of 2 threes. 

137X2 | 8°75 10 II 
137 X3 7°25 9 9 
137 XA 6 9 9 
137X5 picks) 8 th 
137 X6 | 4°25 6 5 
137X7 . | 4 1.6 4°75 
137X8 || 4°25 5 6 


In all the above experiments the cells were charged with 1 sul- 
phuric acid + 13 water (salt water in the third column) ; and 13:5 
square inches of surface were immersed. The silver-zine pairs were 
1 inch apart, the graphite-zinc, 2 inches. The lifting powers were 
not read off more closely than to quarter-pounds. The electro-mag- 
net used in Table I. was a small horse-shoe containing about 10 
yards of No. 16 wire; that used in Table II. was one of the electro- 
magnets used in the construction of the signal bells before described 
(vide Proc. Roy. Soe., vol. viii. p. 419), and containing 274 yards 
of No. 16 copper wire. The resistance added in each successive 
experiment was one bobbin of a similar electro-magnet or 137 yards 
of wire. ‘The resistances in the Table include the resistance of the 
electro-magnet. The total resistances in Table II. are all multiples 
of the contents of a single bobbin or 137 yards. A glance from left 
to right on the same horizontal line shows the comparative value of 
each combination in the several experiments. One or two small 
irregularities in Table II. in the six-cell results, are doubtless due to 
the poles of the magnet not having been ground true. 

With respect to durability, the graphite plates in use since 1850 
are in as good condition as the new ones now in course of manu- 
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facture. Silver plates employed by us under like circumstances, 
commenced perishing after twelve months or more of use; they 
crumble away in great measure, they cut apart at the surface level, 
and they get eaten into holes throughout. 


GEOLOGICAL SOCIETY. 
[Continued from vol. xvii. p. 447.] 
June 1, 1859.—Major-Gen. Portlock, Vice-President, in the Chair. 


The following communications were read :— 

1. “On the Sinking for Coal at the Shireoaks Colliery near 
Worksop, Notts.” By J. Lancaster, Esq., and C. C. Wright, Esq., 
F.G.S. 

In two shafts sunk for the Duke of Newcastle on the north-west 
side of his estate of Worksop Manor, it was found that the New Red 
Sandstone and marl have a thickness of 54 ft., and the Permian beds 
112 ft. ; the latter consisting of hard yellow limestone (54 ft.), blue 
limestone and shale (20 ft.), blue shale (33 ft.), and soft gritstone, 
probably equivalent to the “Quicksand” of the north (5 ft.). 
Below the gritstone the coal-measures commence with 5 feet of blue 
shale, in which there are four bands of ironstone; another band 
15 inches thick, lies immediately below. This iron-ore is chiefly in 
the state of peroxide, gives an average of 42 per cent. of metallic 
iron, and promises to be of great economical value. ‘The first seam 
of coal (2 feet thick and of inferior quality) was cut at a depth of 
88 yards. Four yards below this is a compact sandstone 66 feet 
thick. ‘The sinking through this rock occupied 20 months; each 
pit made 500 gallons of water a minute, which was stopped in detail 
by cast-iron tubing. The pressure from the gas at the bottom of this 
thick rock was at times as high as 210 lbs. per square inch, but is 
now about 196 lbs. per square inch. Shales, with coal-seams and 
bands of ironstone, all thin or of inferior quality, were met with in 
the next 170 yards. At 346 yards the first thick coal was cut, and 
found to be 4 ft. 6 in. thick, and of good quality. This is con- 
sidered to be the ‘“‘ Wathwood Coal.” The ‘ Top Hard Coal” was 
cut at a depth of 510 yards, and found to be 3 ft. 10 in. thick: the 
strata intervening between this and the ‘‘ Wathwood Coal” were 
found to have much the same characters and thickness as they are 
known to have elsewhere. The sinkings were commenced in March 
1854, and perseveringly continued until their completion on February 
Ist, 1859. Altogether 37 feet of coal were passed through; but 
only four seams are of workable thickness. ‘The authors of this 
communication remark that the district appears to be remarkably 
free from faults, that the dip decreases considerably towards the east, 
and that the “‘ Top Hard Coal” appears to thin out eastwardly. 


2. ‘Notes on the Geology of Southern Australia.” By A. R.C. 
Selwyn, Esq., Director of the Geological Survey of Victoria. Ina 
Letter to Sir R. I. Murchison, F:G.S. 

Mr. Selwyn remarked that, as to the impoverishment of auriferous 
veins in depth, the only evidence of such being the case in Victoria 
is the great richness of the older drifts; for, judging from the large 


78 Intelligence and Miscellaneous Articles. 


size of the nuggets sometimes found in the gravels, compared with 
that of the nuggets met with in the gold-bearing quartz-veins 
(usually from about 3 dwt. to }0z., though occasionally as much as 
12 ozs. or even 13 |bs.), the upper portions of the veins, now ground 
down into gravel, were probably richer in gold (us formerly sug- 
gested) than the lower parts, now remaining. As far as actual 
mining experience shows, some of the ‘ quartz-reefs” in Victoria 
prove as rich in gold at a depth of 200, 230, and 400 feet as at the 
surface ; the yield, however, fluctuates at any depth yet reached. 
According to the author’s latest observations, the gold-drifts, and 
their accompanying basaltic lavas, are of Pliocene and Post-pliocene 
age. Miocene beds occur at Corio Bay, Cape Otway coast, Murray 
basin, and Brighton; and Eocene beds on the east shore of Port 
Phillip, Muddy Creek, and Hamilton. Two silicified fossils (Echi- 
noderm and Coral), thought by Prof. M‘Coy to be of Cretaceous 
origin, have been found in the gravel near Melbourne. 

This letter also contains some remarks on the probability of some 
of the coal of Eastern Victoria being of ‘‘ Carboniferous”’ age,—on 
the occurrence of Silurian fossils in the rocks of all the gold-districts, 
—on the newly-discovered bone-cave at Gisborne, about twenty-five 
miles north of Melbourne,—and on the progress of the Geological 
Survey of the Colony. 


XIV. Intelligence and Miscellaneous Articles. 


ON THERMOGRAPHY, OR THE ACTION OF HEAT CONSIDERED AS A 
MEANS OF PRODUCING IMAGES ON SENSITIVE PAPER. BY 
M. NIEPCE DE SAINT-VICTOR. 


os experiments I am about to describe are an extension of 

those of Messrs. Moser, Knorr, and Draper. I believe I have 
succeeded in adding to the facts already established a considerable 
number of new and interesting observations, of a kind calculated to 
throw some light on this class of phenomena. 

If, upon a metallic plate, heated by contact with boiling water, 
you place an engraving, or page of writing printed in unctuous 
ink, and lay upon that a sheet of paper rendered sensitive, first with 
nitrate of silver, and then with chloride of gold, you will obtain 
a violet-blue image of the dark parts of the engraving or letters. 
If, however, the paper be prepared with nitrate of silver only, the 
lights of the engraving are reproduced of a dark (distre) colour. 

With paper prepared with the salts both of gold and silver, large 
printed letters will produce an image even at a distance of several 
millimetres; but if a continuous, though thin, plate of mica, or 
metal, or even a sheet of vegetable paper be interposed, no image 
will be produced. 

Drawings in aqueous ink, in black-lead, or in charcoal, produce no 
image when on ordinary paper ; but they do when on vegetable paper. 

Plates and flat surfaces of varnished porcelain, with black letters 
or coloured drawings, which have been subjected to the action 
of fire, but have not been enamelled, have afforded me impressions ; 
but letters or drawings on enamelled porcelain produce no image. 
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Coins and cameos are reproduced very distinctly, even at the di- 
stance of a millimetre, and notwithstanding the interposition of a 
thin continuous sheet of mica, silver, or copper, provided only the 
relief be strong and the temperature sufficiently elevated. 

If a paper on which a drawing had been traced in lamp-black, or 
even wood-charcoal, be raised to a temperature sufficient to scorch 
the paper, the portions of the reverse corresponding to the lines of 
the drawing will be observed to have become more highly carbonized 
than the rest. A similar effect may be observed with respect to the 
lights and shades of variegated feathers or coloured woollen fabrics ; 
that is to say, the action of the heat is greater on the shades than 
on the lights. If, while a coloured fabric is being heated, it be kept 
in contact with paper impregnated with cyanide of potassium, the 
shades produce a stronger impression than the lights. 

Tissues of different materials, shaded with black and white, or 
with colours of various kinds, produce impressions on paper rendered 
sensitive with the salts of gold and silver; but the image is very 
uncertain: in general the dark tints are most decidedly marked; 
but in certain cases the light tints produce the strongest impres- 
sions,—these differences depending, no doubt, on the nature of the 
colours used and of the mordants employed to fix them. Indeed, 
colours produced by the same substance (as madder, for instance), 
but fixed with different mordants, produce very unequal and very 
various impressions. 

When cotton cloth is dyed with indigo, the pattern being left in 
white, the blue background alone produced an impression ; whereas, 
if the cotton be similarly dyed with prussian blue, it is the white 
pattern which is reproduced. If either cotton cloth or porcelain be 
covered with alternate stripes of indigo and prussian blue, the indigo 
stripes produce an image, the prussian blue do not. 

I have endeavoured to obtain images in the focus of a lens, which, 
of course, ought to give a representation of the heated body, but 
hitherto in vain. I do not know whether the images in the focus of 
a concave mirror would prove more effective. 

The action which gives rise to the thermographic image is, without 
doubt, very complex. The calorific radiation probably plays a con- 
siderable part in producing the result; but the material vapours 
emanating from the heated body may also have some effect. In the 
case of metallic bodies and dry wood, the action of the heat is cer- 
tainly prepcnderant; and it seems to me to be clearly demonstrated 
that, under certain circumstances, a sufficiently high temperature 
produces effects analogous to those which we see every day resulting 
fromthe action of light—the reduction, namely, of the salts of gold 
and silver, the alteration of tissues, &c. 

In conclusion, I may be permitted to state that the experiments 
described in this notice date from the month of J anuary last, since 
which time I have occasionally shown thermograph pictures to 
several members of the Academy; and on the 29th of January I 
performed, in the presence of Mr. Wheatstone, those experiments 
of which the ‘Cosmos’ makes mention in its number for February the 
1lth,—Comptes Rendus, May 28, 1859. 
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NOTICE OF TRACES OF ERUPTIVE ACTION IN THE MOON, 
BY THE REV. T. W. WEBB. } 

The inquiry as to the continuance of volcanic or explosive action 
on the surface of the moon must be admitted to be a very interesting 
one. Astronomers are generally agreed as to its entire cessation on 
any conspicuous scale; but this would not necessarily infer the im- 
possibility, or even improbability, of minor eruptions, which might 
still continue to result from a diminished but not wholly extinguished 
force. ‘Till the publication of the labours of Beer and Midler, the 
necessary data for the determination of the question were very im- 
perfect ; and since that time the general impression would seem to 
be adverse to the idea of any physical change. Before, however, it is 
entirely acquiesced in, it may be well to see whether any evidence 
of an opposite nature exists. Want of leisure has hitherto prevented 
me from entering upon the subject in any other than the most inci- 
dental manner; but I would request permission to direct attention to 
one or two regions where an accurate investigation might be desirable. 

One of these is the spot named Cichus, near the south extremity 
of the Mare Nubium. Here, many years ago, in comparing Schroter’s 
drawings with the moon, I was struck with the apparent enlargement 
of the small crater which has defaced one side of the ring. On pro- 
curing the map of Beer and Midler, I found that they had also seen 
it enlarged. Could we in this instance depend upon the older draw- 
ings, we might reasonably infer the probability of a change since 
the year 1792. Schréter was, undoubtedly, a coarse draftsman ; but 
still he was faithful and careful, nor does there seem any appearance, 
but the reverse, that his designs were copied from one another to save 
trouble; if not, the agreement of three separate figures seems fair 
evidence that this little crater was not then of its present magnitude. 

The second case seems more satisfactory. It is that of the spot 
Messier, in the Mare Foecunditatis, where two small craters lie side 
by side at the end of two parallel white streaks, resembling the di- 
vided tail of acomet. In consequence of an observation of Schroter, 
Beer and Miidler directed their attention especially to this region, 
and examined it more than 300 times between the years 1829 and 
1837, with the result that the two craters were perfectly and sin- 
gularly alike in size, shape, height of ring, depth of cavity, and even 
the position of some peaks upon the rings. I cannot say that I have 
ever been able to obtain a perfectly distinct view of this spot, from 
atmospheric causes; but every sight i have had of it has strength- 
ened my impression that this remarkable similarity no longer exists. 
I first noticed a difference in the aspect of the two craters in 1855, 
Noy. 14. Since that time, in the occasional use of four instruments 
of very different size and power (one an object-glass of 53 inches 
by Alvan Clark, now in my possession), I have invariably felt con- 
vinced that neither in size, form, nor depth are those two craters any 
longer precisely similar, but that, on the contrary, under suitable 
angles of illumination, such as must have repeatedly occurred during 
the 300 examinations by Beer and Miidler, the difference between 
them is obviously so great as to indicate some permanent alteration 
in the surface during the space of twenty years.—Proceedings of 
the Royal Astronomical Society, vol. xix. p. 284. 
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XV. On the Expansion of Water and Saline Solutions at High 
Temperatures. By 1. C. Sorsy, F.R.S. &c.* 


i studying the fluid-cavities in various mimerals, I found it 

requisite to ascertain the relation between the temperature 
and the volume of water and of saline solutions, up to as high a 
temperature as could be employed with advantage. My chief 
object was to make out whether there is any such simple rela- 
tion between the volume and the temperature, that the tem- 
perature could be readily caleulated from the observed volume ; 
which is a most important point in the study of the fluid-cavities 
in many minerals. 

In his memoir on the dilatation of liquids+, M. Isidore Pierre 
showed that the expansion of many may be represented very 
accurately by expressions of the form 


V=1+At+B+C8#, 


where V is the volume, ¢ the temperature in degrees Centigrade, 
and A, B, and C are constants ; the volume at 0° C. being taken 
for unity. He, however, says that the expansion of water cannot 
be represented by such a formula; in which remark I think he 
must especially refer to the expansion below 25° C., for, as I shall 
endeavour to show, if we only take into consideration tempera- 
tures above that, the expansion may be represented with consider- 
able accuracy by a very simple expression. Similar formule are 
made use of by Kopp in his investigations on the expansion of 
some liquidst ; but in discussing the expansion of water, he em- 
ploys four different formule to enable him to ascertain the 
volume at any given temperature differing from those actually 

* Communicated by the Author. 

+ Annales de Chimie et de Physique, S. 3. vol. xv. p. 325. 

t aes ’s Annalen der Physik und Chemie, vol. 1xxii. 1847, pp. | 
an . 

Phil. Mag. 8. 4. Vol. 18. No, 118, Aug. 1859. G 
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observed. In the same volume of the work just cited, Franken- 
heim shows that the expansion of many liquids may be expressed 
with sufficient accuracy by means of equations of the form 


V=A+Bt+C#, 


but says that here and there the regular progress of the differ- 
ences between the results calculated from the formule and the 
observations shows that another term, involving @, might be 
employed with advantage. My own experiments lead me to 
agree to a great extent with this last remark. They show that 
probably the expansion really follows a law expressed by a 
series involving ascending powers of ¢, but the coefficients of 
higher powers than the second have such small values, that, for 
a very considerable range of temperature, they have scarcely any 
more influence than the unavoidable errors of observation. 

In discussing the relative volumes at various temperatures, 
the method of successive differences can be made use of with 
very great advantage, if the volume be known at equal intervals 
of temperature. So far, however, as I have been able to learn, 
previous observers have not employed it, either from not having 
thought of it, or from having considered it preferable to ascer- 
tain the volume of the liquid at various accidental temperatures, 
without endeavouring to raise the heat to particular given. tem- 
peratures. If the law of the expansion of a hquid be really of 
the form 

V=A+Bt+C+ D864 &e., 


and if the volume at a number of equidistant temperatures be 
known, it is easy to see what terms of the series should be taken 
into consideration, by determining the successive differences of 
the volumes. From the well-known properties of such a series, 
if each volume subtracted from that next above it give these 
first differences of the same value throughout, there can be no 
term involving a higher power of ¢ than the first. If, however, 
these first differences increase in magnitude from a low to a 
higher temperature, but, when we subtract each of them from 
that next above it, if we find that these second differences are of 
a constant value, we may be equally sure that there is a term 
involving ¢?, but no higher powers. The same law holds good 
for @, #4, &c.; and therefore, as will be seen, this method is so 
extremely suitable for the inquiry now before us, that in my ex- 
periments I ascertained the volume of the liquids at given equi- 
distant temperatures, in order to be able to make use of it. 
Before commencing my own experiments, I discussed by this 
method of successive differences the relative volumes of water at 
various equidistant temperatures, deduced by Kopp from the 
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four formule which he considered requisite, and obtained the 
following results :— 


| Volume accord- | First Second Third 


rature. | ing to Kopp. | difference. | difference. difference. 
100 1042986 Es 

007589» |} .¢ggesae | | 
30. | Logeesy | 096816 | “oooaga | -st:000292 | 
ff aescive 006335 = ae 
60 | 1-016599 | ‘005656 00832 | 008153 
50 1011766 | ‘004824 000589 | +7000248 
40 1-007531 004235 00768 | — 200179 
30 1-004064 Spaniel 000970 | ~~ 000202 
30 | 1001567 | “O)2a! 001054 | — 000086 
10 1-000124 000124 001319 
0 1-000000 2 


It will thus be seen that between the limits of 30° and 100° 
the third difference is sometimes positive and sometimes nega- 
tive, having a mean value of only ‘000001, as if the varying 
third difference were almost or altogether due to errors of obser- 
vation; and therefore apparently for temperatures higher than 30° 
the empirical formula should not involve any terms having higher 
powers of ¢ than the second. It is evident that for tempera- 
tures below 30° an entirely different formula would be requisite; 
but since this paper has special reference to high temperatures, 
I need not further dwell on those when the same cause which 
gives rise to the expansion of water somewhat above the freezing- 
point, has evidently begun to make itself apparent. Calculating 
from the above data, I deduce the following general formula, 
giving the volume at ¢° C. :— 


V='997696 + :0001101¢ + :000003432?. 
The volumes at various temperatures, calculated by means of 


this formula, are compared with those given by Kopp in the 
following Table :— 


| f , 
Tempe- | Theory. Eopp's Difference. | 


100 | 1043006 | 1042986 = -000020 | 


90 | 1:035388 1035397 — 000009 
80 1:028456 1028581 — 000125 
70 1:022210 1022246 — 0000386 


60 1-016650 1016590  +-000060 | 
50 1:011776 1011766 | +-000010 | 
40 1007588 1007531 = 4+-000057 | 
30 1004986 | 1:004064 | +-000022 


20 1001270 1-001567 — 000297 
10 “999140 1-000124 — "000984 


0 997696 1:000000 — 002304 | 
re ASS) jor 
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It will thus be perceived that from 30° to 100° the agreement 
is on the whole sufficiently close ; for the differences obey no de- 
finite law, as if due to errors of observation. Below 30°, how- 
ever, there is a most decided gradual increase in the difference, 
evidently owing to a relative expansion taking place as the tem- 
perature decreases. 

Since, then, for temperatures between 30° and 100° the volume 
can be expressed with very considerable accuracy by means of 
one simple formula, I was very anxious to ascertain whether the 
law would hold good up to a much higher temperature; for, in 
that case, it would not only be much more simple than any 
formula involving higher powers of ¢, but could be applied to 
the object I had especially in view, since it would enable us to 
deduce the temperature from the observed volume by solving the 
formula as a quadratic equation, which of course could not be 
done if it were essentially requisite to take higher powers into con- 
sideration. I was not able to carry on the experiments at a higher 
temperature than 200° C., because the water then begins to act 
very powerfully on the glass tubes, and entirely decomposes 
them in the course of time. At that heat the elastic force of the 
vapour of water is very considerable, according to the experi- 
ments of Dulong and Arago* being equal to 16 or 17 atmo- 
spheres, or to about 240 lbs. to the square inch. It was there- 
fore necessary to make use of glass tubes strong enough to 
remove all fear of fracture and explosion; and since it was also 
far more desirable to determine the volume with moderate accu- 
racy up to a very high temperature, than with great accuracy to 
only a low temperature, I employed tubes of equal diameter for 
their whole length, made from the tubing manufactured for 
spirit thermometers, having an internal diameter of about 55th 
of an inch, and a thickness of glass equal to about jth of an 
inch. Having drawn out both ends of a portion about 24 inches 
long, so as to pass quickly into a capillary tube capable of being 
sealed up with the blowpipe, it could be filled very easily, and 
the liquid sealed up so as to leave a bubble of air about 5rd of an 
inch long. I had thus a column of liquid of uniform width, 
about 2 inches long, and a bubble of air, which could be made 
to move to any part of the tube by violent swings of the arm; 
and by thus causing it to move to each end of the tube where 
drawn out and of less width than the rest, and by making suit- 
able measurements both then and when it was in that part where 
the diameter was uniform, I was able to ascertain what would 
have been the true length of the column of liquid, if the tube 
had been of the same diameter for its whole length. 

In order to measure with great accuracy the length of the 

* Quarterly Journal of Science, January to June 1830, p, 191. 
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bubble at various temperatures, I fixed a lens, having a focal 
length of 5 inches, as an object-glass to a microscope, and pulled 
out the tube of the microscope until the distance of the eye-piece 
was such that each division of the micrometer in the eye-piece 
corresponded to z35th of an inch. In this manner the length 
of the bubble in the tube could be easily measured to within 
toooth of an inch. Of course when the liquid in the tube ex- 
panded the length of the bubble diminished to the same extent, 
and thus a knowledge of the length of the bubble at various 
temperatures was sufficient to enable me to ascertain the amount 
of the expansion of the liquid to within about z,),5th of its 
volume. This may indeed be thought not at all an accurate 
determination ; but in making the experiments at a high tem- 
perature, there are several sources of error which have such a 
great influence, that to attempt an apparently greater accuracy 
would not really give a better result. 

In order to heat the tube to various high temperatures, I fixed 
it in a glass beaker containing melted paraffine, which, on ac- 
count of remaining so liquid and transparent, is a substance ex- 
tremely suitable for such experiments. I so arranged the whole 
apparatus that the bubble in the tube was in the focus of the 
microscope, which was placed horizontally, so that the length of 
the bubble could be accurately measured whilst the liquid in the 
tube was at the temperature shown by a thermometer passing 
into the paraffine through a hole in a piece of card-board cover- 
ing the beaker. In making the experiments at high tempera- 
tures, I found it very difficult to maintain the paraffine at nearly 
the same heat for so long a time that there was no doubt that 
the liquid in the tube would have the temperature shown by the 
thermometer. By carefully managing the gas-lamp, this could 
be accomplished moderately well; but it was so difficult that I 
found it best to cause the heat to increase very slowly, and, when 
at the correct temperature, to quickly measure the length of the 
bubble. I then caused the heat to diminish gradually, and again 
measured the length when at the correct temperature ; and, if 
all this was carefully performed, the length of the bubble was 
nearly the same, whether the temperature was increasing or de- 
creasing, and therefore the mean of the two could not be far 
from the truth. Still, with every care, the various measure- 
ments differed very notably, perhaps on account of its being im- 
possible to make the whole of the bath of paraftine of precisely 
the same temperature, and therefore I made a considerable num- 
ber of measurements, and adopted the mean of all for the true 
determination. 

Having then ascertained the length of the column of liquid 
in the tube at a given temperature, and likewise measured the 
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length of the bubble, I heated the tube in a bath of water or 
paraffine to 0°, 25°, 50°, 75°, 100°, 125°, 150°, 175°, and 200°C., 
and carefully measured the length of the bubble at all those 
temperatures; and I took care to repeat the measurements in 
descending order, and to adopt the mean of both, so as to com- 
pensate for the slight but very notable action of the water on 
the glass at the highest temperatures. I have employed the 
Centigrade scale, because it makes the formule so much more 
simple, and has been used by all the previous experimenters 
already referred to. 

The various data described above give only the apparent ex- 
pansion, and require some correction before we arrive at the real 
expansion. To the apparent expansion of the liquid must be 
added the expansion of the glass, which would be about ‘0026 
for each 100° C.; and moreover it is requisite to make allow- 
ance for the diameter of the bubble in the tube being not quite 
so great as that of the column of water, because the sides of the 
tube were wet and covered by a film of water, which, according 
to my experiments, was about zg5th of an inch in thickness. 
Having applied all these corrections, I found that the volume of 
water was as follows :— 


eae! by - P Firs S d Third 
ration et aiiercne: diff raid. aiterenes: 
200 1:1566 
: - 0362 
175 11204 0307 0055 +0002 
Per ES) 1:0897 Os “0053 
| s é 0254 r +0012 
- 25 1:0643 ae 0041 
Ae 0213 +0002 
100 1:0430 ; 0039 
= 0174 —‘00038 
7a 1:0256 ere ‘0042 a 
z Poy 0132 x +:0006 
50 10124 -0096 0036 0082 
25 1:0028 -0028 ‘0068 re 
0 1:0000 


It will thus be seen that the second difference is not constant 
for temperatures above 25°; but no doubt this is in great measure 
due to errors in the observations, for the third difference is very 
irregular. Still the second difference is greater at high than at 
lower temperatures, but not so much so as to make it quite cer- 
tain that a term involving ¢° ought to be taken into considera- 
tion. Possibly that, and even still higher powers, might more 
accurately express the true law of the expansion, and their in- 
fluence may be masked by the increasing rate of the expansion 
of the mercury of the thermometer, or of the glass of the tube ; 
but, since the water begins to act on the tube at these high tem- 
peratures, it is almost impossible to determine the volume so 
accurately as to remove all doubt. Taking into account the 
temperature included between 25° and 175°, I deduce the follow- 
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ing formula, which gives the results shown below, and corre- 
sponds sufficiently well with that deduced from Kopp’s experi- 
ments, to prove that the expansion follows much the same law, 


both above and below 100° C. :— 
V='9977 + :000123¢ + -0000033072. 


and Saline Solutions at High Temperatures. 


Temperature.| Calculation. Experiment, Difference. 
200 11543 11566 — "0023 
175 1-1202 1:1204 —0002 
150 1:0904 1:0897 +0007 
125 1-0646 10643 +0003 
100 1:0430 1:0430 “0000 

75 1:0255 1:0256 —0001 
50 10121 10124 — 00038 
25 1:0028 1:0028 ‘0000 

0 9977 10000 — 0023 


Not taking into consideration the volume at 0°, these calculated 
numbers agree with the experiments as well as could be expected, 
except at 200°, which is a determination far more open to doubt 
than any of the others; and I therefore think that we may con- 
clude provisionally, that the formula would enable us to deter- 
mine with approximate accuracy the volume of water at still 
higher temperatures, whilst at the same time we must always 
consider it probable that this calculated volume would be less 
than the truth. Thus, for instance, it indicates that at 300° C. 
water would occupy at least $ of its bulk at the ordinary tem- 
perature of the atmosphere. 

Having found it requisite to ascertain what influence the pre- 
sence of various salts exercises on the expansion of water, I made 
a number of experiments, which lead to some curious results. 
In the case of chloride of potassium dissolved in three times its 


weight of water, I found the volumes to be as under :— 


1:0000 


Tempe- First Second Third 
rature, Me difference. difference. difference. 
200 1-1228 5 
175 11000 728 0030 
0198 +0011 
150 10802 0019 a 
. O17 ey —0001 
125 1-0623 eee: TORO : 
0159 | : +0003 
100 10464 ees sulliousnole J 
~ $ 0142 | +0001 
7 10322 ‘ 0016 , 
0126 — 0001 
50 1-0196 an 0017 aie 
25 10087 Disy 0022 


Though the amount of the expansion varies very considerably, 


the general facts are much the same as in the case of water. 


The 
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second difference is nearly uniform from 0° to 175°, but is de- 
cidedly greater at 200°. Calculating, however, the formula as 
before, from 25° to 175°, we obtain very different values for the 
coefficients of ¢ and #2, to those in the case of water; for I obtain 
the formula given below, which yields results compared with ex- 
periment in the following Table :— 


V= 9997 + :000326¢ + 000001412. 


Temperature.| Calculation. Experiment. Difference. 
200 1-1213 1:1228 —-0015 
175 10999 1:1000 —°000] 
150 10803 1-0802 +:0001 
125 10624 1:0623 +0001 
100 10464 10464 “0000 

75 1-:0321 1-0322 —'0001 
50 10195 10196 —'0001 
25 10087 1:0087 0000 

0 9997 1:0000 — ‘0003 


In this case the agreement is very close from 0° to 175°, and it 
is only at 200° that the difference is more than the probable 
limits of error in observation. On comparing the formula with 
that deduced for water, it will be seen that the coefficient of ¢ is 
much greater, whilst that of ¢* is much less than when no salt is 
in solution,—thus proving that the expansion of the saline solu- 
tion is much more uniform than that of water. In the case of 
water, the expansion from 0° to 100° is to that from 100° to 
200° as 1 to 2°64, whilst in the case of this saline solution it is 
as 1 to 1:64. It will also be seen that, whilst the expansion of 
the saline solution is greater than that of water from 0° to 100°, 
it is much less from 100° to 200°. This is still more strongly 
marked in the case of a solution of chloride of sodium in three 


times its weight of water, as will be seen from the following 
Table :— 


Up to 100°. Up to 200°. 
Solution of NaCl . 1:0529 1:1328 
Waters) ¢.: iene 0 eal O450 1:1566 
+0099 —*0238 


I have obtained similar results with various other saline solu- 
tions; but I need not describe them in detail, for the general 
facts will be shown sufficiently well by the following Table, in 
which all the formule are compared together. They differ 
from those given in my paper on the microscopical structure of 
crystals*, because in it the apparent, and not the real expansion 
was required. 

* Quart. Journ. Geol. Soc., vol. xiv. p. 462. 
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Water according to Kopp’s pee = -997696-+-0001101¢-+4-000003432. 
ments ...... pteteseeeeeseneenenees Sevens .. 

Water according to my own aoe EN = 9977 +-000123¢ +-000003302. 


PTTPTTET ITT 


ments 
Water with 10 per cent. of chloride of } V = -9991 +4-000215¢ +-000002512 
POtASSIUM ....eeseeeeeeec senses tee eee ees j 


Water with 25 per cent. of chloride of V = -9997  +-000326¢ +-000001412 
POtASSIUM .... 2... eee eeeece este een eees 4 


Water with 123 per cent. of ditto, and tie : : 4 
124 per cent. of chloride of sodium 0 ie la he esse ce 


Water with 25 per cent. of chloride of ine é f > 
sodium ...... HS de ceetdasaccosas \v =1-0000; +--0008975: --R000012722, 


ee ea ee 
These various saline solutions, therefore, indicate much the 
same facts. The presence of the salt in all cases tends to make 
the expansion of the liquid more uniform, increasing the value of 
the coefficient of ¢, but diminishing that of ¢?; the extent of this 
influence varying with the amount and nature of the salt. The 
discussion of this fact appears to lead to some curious results. 
According to the experiments of myself and others, the mean 
specific gravity of chloride of potassium is about 1°94. Hence 
the relative volume of one part by weight to three of water would 
be 1466 to -8534; and, if there were no change of dimensions 
when the two mixed together, on solution the united volume 
would be 1:0000, and the specific gravity should be 1:138. I 
however found, by experiment, that the specific gravity is really 
1:1745 ; thus indicating that the united volume is only ‘969, 
and that there is a contraction of one or other of the consti- 
tuents equal to 31 per cent. of the whole bulk. Hence 1-000 
part of the solution would contain about *880 part of water and 
‘152 part of KCl, making a total volume of 1:032, but contract- 
ing on being mixed to 1000. Now, if we calculate what would 
be the volume of this *88 part of water at various temperatures, 
as ascertained by actual experiment, supposing it to exist ina 
free state, we obtain as shown in the following Table ; and deduct- 
ing these various volumes from the actual volumes of the saline 
solution as found by experiment, we ascertain what is the differ- 
ence in the total bulk made up by the chloride of potassium. 


| Tempe- Volume of Volume of Volume of 
| rature, the solution. the water. the KCl. 
} 
200 1:1228 10178 “1050 
175 1:1000 9859 1141 
150 1:0802 -9589 +1213 
125 1:0623 9366 257 
| 100 10464 ‘9178 1286 
75 1-0322 ‘9025 “1297 
50 10196 | 8909 | :1287— | 
25 10087 | ‘8824 | ‘1263 
| 0 10000 | “8800 1200 
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At first sight we are therefore led to conclude that the dis- 
solved salt gradually expands up to about 75°, and then gra- 
dually contracts, so that its bulk at 200° is only about #ths of 
what it is at 75°. We cannot, however, suppose that this result 
is in reality due to the contraction of the salt, but it appears far 
more probable that it is to be explained in the following manner. 
Before being mixed, the respective volumes of the chloride of 
potassium and the water in 1:0000 part of the solution would be, 
as shown above, ‘1466 and °8534. According to the experi- 
ments of Playfair and Joule*, the expansion of chloride of potas- 
sium from 0° to 100° is ‘01094, and therefore, providing that this 
expansion be uniform, the volume of the *1466 part, at the tem- 
peratures given in column I. of the following Table, would be as 
shown in column II. According to my own experiments, the 
volumes of the *8534: part of water would be as in column III. ; 
and these, added to the corresponding numbers in II., would 
be the total volumes given in IV., which the salt and the water 
would occupy before being mixed together. When, however, 
the salt is dissolved, the experiments described above prove that 
the actual volumes are as given in V.; and subtracting these 
from those in IV., we obtain the values shown in VI., which 
represent the reduction in volume that takes place when the salt 
is dissolved. Subtracting these values from the corresponding 
numbers in II., and calculating the difference on the supposition 
that in each case the numbers in II. are taken for unity, we ob- 
tain column VII., representing the relative volume with which 
the salt enters into solution, if no part of the diminished volume 
be ascribed to a contraction of the water. The results for 300° 
are deduced by means of the formule already given; but the rest 
are all determined from the experiments. 


I. Il. III. IV. Vv. Vi. VII. 


300 | 1514 | 1°1364 | 1:2878 | 1:1815 | -1068 | -298 
| 200 | 1498 | -9851 | 1:1349 | 1°0835 | -0514 | -603 
175 | 1494 | 9560 | 1:1054 | 1:0615 | -0439 | -706 
1490 | -9305 | 10795 | 1:0424 | -0371 | -751 
125 | :1486 | -9085 | 1:0571 | 1:0251 | -0320 | -785 
100 | -1482 | -8901 | 1:0353 | 1:0098 | 0285 | -801 
75 | 1478 | °8751 | 1:0229 ‘9961 | 0265 | -819 
50 | :1474 | :8640 | 1:0114 ‘9839 | 0275 | -814 
25 | :1470 | +8558 | 1-0028 ‘9734 | 0294 | -800 
0 | 1466 | -8534 | 1-0000 ‘9650 | 0350 | -761 


_ 
or 
i) 


It therefore appears, from the facts shown by column VII., 
that, according to the above supposition, the volume with which 
the salt enters into solution is not the same at all temperatures. 
Not taking into account the very lowest temperatures, as being 


* Chemical Society’s Memoirs, vol. i. p. 121. 
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connected with the expansion of water near the freezing-point, 
it will be perceived that the volume differs so little up to 100°, 
that the fact of there being any difference would have been 
doubtful, if the experiments had been limited to that tempera- 
ture. At higher temperatures, however, the volume diminishes 
very rapidly, so much so, that if the formule already given for 
the expansion of water and the saline solution hold true up to 
300°, the chloride of potassium would enter into solution with 
only about {ths of the volume it would occupy when not dis- 
solved. It may, indeed, be doubted whether the above be really 
the true explanation of the small amount of the expansion of 
saline solutions as compared with that of water. If it be not 
owing to this cause, it must be that the presence of the salt 
exerts such an influence on the expansion of the water, that the 
saline solution has a rate of expansion of its own, independent 
of that of its constituents, since it is quite certain that the ex- 
pansion of the mixture differs in a remarkable manner from the 
united expansion of the separate constituents. 


XVI. On a New Photometric Process for the Determination of 
the Diurnal Amount of Light by the Precipitation of Gold. By 
Joun C. Draper, M.D., Professor of Analytical Chemistry in 
the University of New York *. 


ne influence of light on a solution of the peroxalate of iron, 

and the use of such a solution as a photometric agent, has 
been noticed by my father, Prof. J. W. Draper, in the Philoso- 
phical Magazine for 1857. 

The adaptation of the peroxalate to this purpose may be 
greatly improved by the addition of perchloride of iron; and I 
have used such a mixture for the determination of the diurnal 
amount of light, being thus enabled to compare the diffuse light 
of one day with that of another, or of one portion of a day with 
that of another portion. 

In these experiments the exposure of the sensitive solution 
was to the north, or rather to the region about the pole. The 
amount used on each occasion was 10 cubic centimetres, placed 
in a thin glass tube 74ths of an inch in diameter, and 
graduated to cubic centimetres. 

In order to protect the exposure-tube and its contents from 
stray light, it was placed in a box darkened in the interior, so 
that only rays which entered by an opening 1°5 inch square, and 
1:3 inch distant from the tube, could reach its contents. 

The sensitive solution was prepared as follows :—In the expo- 
sure-tube, mentioned above, 3 cubic centimetres of a solution of 


* Communicated by the Author. 
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perchloride of iron (sp. gr. 1020 at 60° Fahr.) were measured. 
In a test-tube 3 cubic centimetres of a solution of oxalic acid 
(sp. gr. 1022 at 60° Fahr.) were placed, and boiled for a few 
minutes with an excess of fresh moist peroxide of iron ; the re- 
sulting peroxalate of iron was then filtered, the filtrate being 
collected in the exposure-tube containing the perchloride, and 
the contents of the filter washed with hot water until the liquid 
in the exposure-tube amounted to 10 cubic centimetres. This 
solution, when carefully prepared in the dark, and all light ex- 
cluded for a few days, gives no precipitate with perchloride of 
gold; but when it has been acted on by light up to the first 
appearance of turbidity, on the addition of perchloride of gold it 
precipitates metallic gold freely ; and exposed as indicated above, 
answers to measure the diffuse light of half a hot summer’s day, 
a second solution in a similar tube being substituted at mid-day. 

The following experiments, taken from a series extending from 
August 15, 1858 to November 11, 1858, serve to give some 
idea of the value of this method. 


No. I.—September 23, 1858. 


Time. | Thermo- |Dew-point.|Barometer. 
meter. 


7am.| 49F. | 43 F. | 29°86 | Perfectly clear all day. 
12 Mm. 56; ARs 29°86 | 41 milligrammes of gold. 
6p.m.| 55 ,, AD a 29-82 | 


No. II1.—September 28, 1858. 


Time. | Thermo- |pew-point.|Barometer. 
meter. 


7am.| 50F. | 478. | 30-02 | Perfectly clear all day. 
12 m. 60 ,, 49 ,, 29:90 | 40 milligrammes of gold. 
Gem.| 58,, | 50,, | 29-85 


Nos. I. and II. represent days nearly alike as regards tem- 
perature and condition of the sky; and we find accordingly that 
the amount of chemical action indicated by the weight of gold 
precipitated is nearly the same in each case, 


No. I1].—October 7, 1858. 


| 
Thermo- Dew-point.|/Barometer. 


Time. 
meter. 


—— 


— 


7am.| 60F. 54 F. 29:50 | Cloudy and rainy. 
12 m. 65 ,, 64 ,, 29°30 | 19 milligrammes of gold. 
Gem.| 68, | 63,, | 29:10 
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No. 1V.—October 13, 1858. 


Time. | Thermo- | pew-point.|Barometer. 
meter. 


7am.| 58F. | 54F. | 29-80 |Cloudy and rainy. 
12 m. 59 ,, 58 ,, 29°70 |22 milligrammes of gold. 
6pm.| 59, | 58, | 29°63 


Nos. III. and IV. represent days nearly alike in temperature 
and cloudy condition, and they also show a similar amount of 
chemical power in the light of each; but when compared with 
I. and II., we find the effect of the cloudy condition of the sky 
in the decreased amount of gold precipitated. 


No. V.—September 7, 1858. 


Time. | Thermo- |New-point.|Barometer. 
meter. 


—— 


7am.| 72 F. 65 F. 29:70 |Perfectly clear all day. 
12 m. 80 ,, 66 ,, 29°69 (56 milligrammes of gold. 
Gem.| 76, | 68,, | 29°64 


No. VI.—November 4, 1858. 


Time, | Thermo- |pew-point.|Barometer. 
meter. 


| Zam.| 46 F. 45 F. 29°70 |Very dark and raining. 
12 m. 48 ,, Aq. 29-60 |7 milligrammes of gold. 
6pm.| 46,, 45 ,, 29°55 


Nos. V. and VI. represent extremes, the first being a clear 
warm day, while the latter was cold, very cloudy, and dark; 
accordingly we find the diffuse light of the clear warm day had 
eight times as much chemical power as that of the colder and 
darker day. 

These experiments serve to demonstrate the capabilities of 
this process, and may perhaps recommend a trial of its merits 
to such as are interested in photometric pursuits; and by the 
use of the same quantities of a similar solution, exposed in a like 
manner in various countries, valuable tables might be con- 
structed. 
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XVII. On the Rotation of Hollow Spheres of Metal by Heat. 
By G. Gorn, Esq.* 


a the Supplementary Number of the Philosophical Magazine, 

June 1858 (see also the Number for February 1859), I 
described an apparatus for producing rotation of tubes and hol- 
low spheres of metal by means of heat of electric conduction- 
resistance, the moving body being placed upon a_ horizontal 
metallic railway, and the heat being produced by passing a pow- 
erful electric current from one rail through the ball or tube to 
the other by means of their points of mutual contact. 

Since that period I have further considered the conditions of 
the phenomenon referred to, and have constructed the following 
apparatus for producing similar motion by means of ordinary 
heat. 

A and A’, fig. 1, is a massive circular ring or railway, com- 


Fig. 1. (Scale th.) 


posed of metallic copper}, and cast in one piece (seen in section, 
fig. 2) ; the outer rail, A, is 10 inches in diameter, and the inner 
one, A’, is 6 inches; the height of the outer rail is 12 inch, 
and that of the inner one is ;5th of an inch less; the distance 


* Communicated by the Author. 
+ The ring contained a little brass in its composition, to enable it to be 
more readily melted and cast. 
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between their edges is 13 inch, and they each taper from a sharp 
edge at the top to about {ths of an inch thick at the bottom. 
The edges of the rails are turned perfectly true and smooth*, and 
in some instances have been coated thickly with silver by electro- 
deposition in order to protect the copper at those parts from 
oxidation when subjected to a high temperature, but with unsa- 
tisfactory results; the greater expansibility of the silver caused 
it to separate from the ring in the form of corrugations and 
large blisters. BBB is a horizontal brass triangle with three 
brass pins (two only, C, C, being shown in the cut) projecting 
from its upper surface to support the rmg. The triangle is sup- 
ported by three long brass screws, D, D, D, provided with bone 
feet to obstruct the transmission of heat to the table, and with 
set-screws, , E, to hold them steady when adjusted. FF, fig. 2, 


Fig. 2. (Scale 4th.) 


is a flat circular groove, half an inch wide and ;j,th of an inch 
deep, turned in the base of the outer rail to receive the ends of 
the pins C, C. There are three longer pins fixed in the triangle 
(of which only two, G, G, are shown), to assist as guides in placing 
the red-hot ring upon the triangle; both these pims and the 
pins C, C must be so fixed as to allow for the expansion of the 
copper ring, the amount of which is nearly $ths of an inch in 
its diameter at a full red heat. H is aspherical shell of German 
silver, 4 inches in diameter, as thin, as perfect in form, and as 
uniform in thickness as it can possibly be made. 

As the phenomenon of rotation in this case is much more 
delicate than in the other by electricity, already referred to, and 
the success of the experiment depends greatly upon having suit- 
able balls, and these are difficult to obtain, I give the following 
particulars respecting the mode of forming them. A stout plate 
of brass is turned into a ring whose inner diameter is the same 
as that of the required ball; it is then divided into two equal 
parts, and one of these is retained to serve as a pattern or tem- 
plate by which to form the hemispheres composing the ball. A 


* The ring should be previously heated to bright redness and slowly 
cooled, otherwise the heat to which it is subjected in the experiments will 
alter its form. 
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hemispherical chuck of either hard wood or iron is tiirned in the 
lathe to fit the pattern, and several sheets of the best quality of 
German silver are formed into cups upon it in the lathe with the 
greatest possible degree of exactness by the mechanical process 
termed “spinning.” The thickness of the metal sheet employed 
will not affect the future operations; but that best suited for the 
spinning process is termed “No. 10.” In this mode of forming 
the hemispheres there is some difficulty in continuing the proper 
curvature completely up to the edge of the 

cup, in consequence of the persistent elasti- Fig. 3. 

city of the metal; but this may be overcome 

by spinning the sheet of metal to some 

distance beyond the edge of the chuck in 

the form of a cylindrical prolongation and 

cutting this superfluous elastic portion off, 

or by increasing the curvature of the chuck 

near its edge, as in fig. 3*. 

Having obtained a number of hemispherical cups, carefully ex- 
amine their forms and dimensions by means of a template, a rule, 
and a pair of callipers, and see that their height when placed upon 
their edges is exactly equal to half their diameters; if they are 
more, they must be reduced in a lathe. It will be found that in 
the process of spinning, the metal, being weaker in cohesion across 
its fibres than along them, will have stretched slightly more in 
that direction than in the other, and the hemispheres will in con- 
sequence be slightly oval across their axes, probably about 34nd 
of an inch in a 32-inch ball; a mark should therefore be made 
upon the outside of the cup to indicate the direction of the 
fibres, so that when two hemispheres are joined together their 
ovals may be placed at right angles to each other, and thus cor- 
rect the ellipticity. The cups should now be selected in suitable 
pairs, and the edge of each one drawn slightly inwards by gentle 
blows of a very small wooden mallet uniformly all round the 
edge, the edge of the cup being held upon a suitably-shaped 
piece of bright steel or iron held firmly in a vice. To ascertain 
that the two cups forming a pair are of exactly the same cireum- 
ference, they should be coated with a film of solder composed of 
5 parts of tim and 1 part of zine all round the edges, and to 3/5th 
of an inch down on the inner side, and slightly soldered at inter- 
vals of about 1 inch all round with the aid of a strong solution of 
hydrochlorate of ammonia. If the cups are found to be unequal 
in circumference, they should be separated, and corrected by 
means of a mallet in the manner described. The object of using 
the above particular solder is to prevent the junction of the ball 


* Suitable hemispheres may be obtained of Messrs. Griffiths and Co., 
Bradford Street, or Mr. Revill, Constitution Hill, Birmingham. 
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being loosened by heat in the experiments: ordinary soft solder 
would frequently melt ; and hard brass solder would not admit 
of the hemispheres being readily separated for alterations. 

The two hemispheres are now to be reduced to equal weights 
by filling one of them with nitric acid; then a very small hole 
formed in the pole of each in a lathe, and stopped by melted 
sealing-wax: the object of these holes is to prevent heated air 
bursting the ball during experiments, and to prevent the ball 
collapsing by cold after an experiment. The two cups are now 
to be soldered perfectly water-tight all round, and the ball turned 
a number of times in a lathe, shifting its position in the chuck 
frequently, until by means of a callipers and template it is found 
to be sufficiently round, and finally turned and polished until, 
upon being placed upon the surface of water, it remains steady 
in every position. 

A number of scratches should now be made upon the outside 
of the ball across the soldered junction at intervals of 1 or 13 
inch apart all round the ball, the hemispheres separated by means 
of a penknife and weighed: they will probably be now unequal 
in weight, and will certainly be far too heavy for successful ex- 
periments; a pair composing a 4-inch ball will weigh from 2000 
to 2500 grains, and will require to be reduced to about 500 or 
600 grains. To reduce them to equal weights and to the requi- 
site degree of thinness, they are placed upon small glass beakers in 
alight place (for advantage in watching their surfaces), and filled 
to within a quarter of an inch (or less) of their edges with mode- 
rately strong nitric acid, to dissolve their inner surfaces gradually. 
They must be frequently emptied, weighed, and examined for thin 
places during this process ; and when they are becoming very thin, 
they must be continually watched to prevent holes being formed in 
them. The production of a hole is generally preceded by an inden- 
tation in the outer surface. If byaccident a small hole should occur 
or a very thin place be formed, it must be covered on the inte- 
rior with a thin film of the solder already mentioned, then heated 
and rubbed with sealing-wax, and the process of dissolving con- 
tinued until the two cups are of equal weights, and until, by 
passing one’s finger with gentle pressure over the outer surface 
of the cups, slight indentations visible in the interior are pro- 
duced, or, by passing the end of a blunt tool over the inner 
surface, its progress may be observed on the outside. They are 
now to be soldered accurately and water-tight together by aid 
of the marks made upon them, the soldered junction filed and 
trimmed with emery-cloth, and the ball cleaned by placing it 
securely in a cage of stiff brass wire, dipping it into nitric acid 
and then into water. Indentations accidentally produced in the 
ball may, if the ball be sufficiently thin, be removed by suction 
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on the outer surface of the metal. When the balls are exceed- 
ingly thin, slight indentations occur upon the outer surface, as 
if that. surface was relieved from a state of mechanical tension. ~ 

In using the apparatus, the triangular support is placed in a 
firm and steady position upon a board containing three shallow 
holes to receive the feet; the ring is placed upon the triangle 
and set to a perfect level, either by means of a spirit-level or 
one of the balls. The ring is then placed in a red-hot closed 
muffle and heated to bright redness (the hotter the better, so 
that it is not fused) ; it is then taken out and placed carefully 
upon its support by the aid of the guide-pins G G, and the ball 
at once placed steadily upon it. As soon as the ball conmimences 
to revolve the time is noted, and the number of revolutions also 
noted during 80 seconds, and, if desired; during half a minute 
longer. If other experiments are to be tried, the ring is at 
once replaced in the muffle. In the various experiments I have 
made, the ring has occupied 8 minutes in first acquiring its 
heat, and 5 minutes each time of renewing it. 

The following is a list and description of the balls which have 
been experimented with ; they were all formed of the best qua- 
lity of German silver (except A, which was composed of one 
hemisphere of German silver and one of iron; and gilded). 


List of Balls. 


A. 22 inches diameter; 756 grains weight. 
B. 3 5) » 3 £03 ry) ” be by 
3 5 er) oe ees «3 with a bar of Ger- 
man silver weighing 228} grains fixed in it from pole to 
pole* ; total weight 835 grains. 
33 inches diameter; 1000 grains weight, and of defective 


shape. 

E. D reduced to 774 grains weight. 

F, E reduced to 6872 ,, » anda bar of German silver 
weighing 268 grains fixed axially within it ; total weight 
9503 grains. 

G. 33 inches diameter; 1029 grains weight. 

5 Sle 5 = eas RIWLE Pra » With a bar of Ger- 


man silver weighing 224 grains fixed from pole to pole ; 
; total weight 1000 grains. 
I. 33 inches diameter; 1026 grains weight, with an axial bar 
of German silver weighing 392 grains; total weight 
1418 grains. 


* The object of usimg axial bars was to ascertain whether a certain 
degree of pressure upon the rails was favourable to the success of the 
experiment. 
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J; A inches diameter; 2425 grains weight. 

K. G reduced to 493 grains weight. 

i. J ey BOL ” 

M. B 99 3 843 ”? » 

N. C reduced to 342 grains weight, and a bar of German 
silver weighing 2281 grains replaced. within it; total 
weight 570+ grains. 

QO. I reduced to 3721 grains weight. 

PL » 35 961 ” ” 


Experiments. 

No. 1. The copper ring silvered all over, and rather thickly 
upon its edges ; raised to a moderate red heat : the ball A placed 
upon it did not vibrate or show any signs of motion. The ball 
D immediately placed upon it, began at once to vibrate through 
a space of one-sixth the circumference of the ring, and continued 
to do so for 25 minutes, until the ring was quite cool. 

No. 2. The ring as in experiment No. 1, but rather less 
hot; the ball A showed no motion; and the ball E vibrated less 
than D*in experiment No. 1. 

_ No. 3. The ring thickly coated with 1} ounce of silver upon 
its edges by electro-deposition, and raised to a full red heat, the 
silver became very much blistered, but was partly remedied 
by rubbing with a burnisher. Ball B exhibited a feeble tendency 
to vibrate. Ball C vibrated backwards and forwards about one- 
fifth the circumference of the ring. Ball F vibrated complete 
revolutions within about one-eighth of ai inch during several 
minutes. Ball G vibrated through one-sixth the circumference 
of the ring. Ball H vibrated about one-fourth of a complete 
revolution. Ball J exhibited no signs of motion. N.B. The 
ring was only once heated for this experiment. 

No. 4. The coating of silver was removed from the edge of 
the outer rail, and the ring was heated to a full red heat. Ball 
F vibrated through one-fourth of a revolution. Ball I exhibited 
decided motion, but less than ball F. Ball K made 7 complete 
revolutions in 1 minute in a right-handed direction, 7. e. in the 
same direction as the hands of a watch. Ball L vibrated through 
one-fourth of a revolution. N.B. The ring was only once 
heated for this experiment: 

No. 5. The ring as in No. 4; heated to bright redness. Ball 
M made about 6 revolutions in half a minute, in a left-handed 
direction. Ball N made about 4 revolutions in half a minute 
in a similar direction. Ball K made about 3 revolutions in half 
a minute in the same direction. N.B. The ring was only heated 
once for this experiment. 

’ No. 6. The ring as in No. 5, and heated uniformly to bright 
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redness before placing each ball upon it. Ball M started at once 
all round in a left-handed direction, and made 5? revolutions in 
half a minute; it then burst by expanded air, but continued its 
motion and made 4% revolutions in the second half minute. 
Ball N started with decidedly less vigour than ball M, and made 
4 revolutions in a left-handed direction in half a minute. Ball 
O started with much greater energy than ball N, went at once 
completely round, and made 6% revolutions in a left-handed 
direction in half a minute. | Ball P started with greater force 
than ball O, and made 8} revolutions in a left-handed direction 
in half a minute; owing to some defect either in its form or 
distribution of weight, it made one long vibration before starting 
on its journey. N.B. The ring was reheated for each ball. No 
impetus was given by the hand to either of the balls, they were 
simply placed upon the rails. The apparatus was also protected 
from currents of air. 

As these experiments were only made with a view of obtaining 
complete revolving motion, they were not, except in “No. 6,” 
conducted under such conditions of equal temperature, freedom 
from currents of air, &c., as to be strictly comparative. “ 

The following appears to me to be an explanation of this 
phenomenon of motion :—Immediately the cold ball is placed 
upon the heated rails, two small protuberances (produced by the 
heat) emerge from its surface at the points of contact, whilst 
two corresponding hollows are produced in the rails at the same 
points by contact of the cold ball, but in consequence of the 
inferior heat-conductivity of German silver, and the thinness of 
the spherical shell, the heat is prevented from quickly spread- 
ing, and the maximum of local expansion is produced in the 
ball, whilst at the same time, from the superior heat-conduc- 
tivity of copper and the massiveness and form of the ring, 
the minimum of local contraction is produced in the rails, and 
thus the protuberances in the ball are greater in amount than 
the hollows in the rails, and the ball is at once placed im a state 
of unstable mechanical equilibrium, somewhat like an egg placed 
upon its end in a watch-glass, and is caused to move either in 
one direction or the other by the slightest disturbing influence, 
such as a breath of air, a minute inequality in the original form 
or distribution of weight of the ball, &e. 

To account for the continuance of the motion, I suppose that 
a minute period of time is occupied by the heat in producing 
the expansion, and that during this period the ball has by its 
momentum moved forwards a minute distance; and thus the 
ever-recurring points of maximum expansion are always kept a 
little behind the line of the centre of gravity of the ball, and 
act as a propelling power, pushing it forwards by gentle leverage. 
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The direction of motion appears to me to be simply dependent 
upon the direction of the first impulse. Another mode of ex- 
planation is thus :—Let A signify a pomt or locality upon the 
advancing side of the moving ball, which will, by the motion 
of the latter, be brought into contact with one of the heated 
rails. The sources of A’s gaining heat are by radiation from 
the heated copper, and by conduction from the hotter parts of 
the ball; and its means of losing heat are by radiation into 
the atmosphere, and by conduction to colder parts of the ball ; 
in addition to these influences, its temperature is slightly 
affected by upward currents of heated air from the ring. As 
this point or locality A is moving downwards towards the rail, 
its temperature is gradually augmented, and goes on increasing 
not only until it touches the rail and is precisely under the centre 
of the ball, but probably also until it has passed that position a 
minute distance, because its rapidity of loss of heat by con- 
duction is less upon the receding than upon the advancing side 
of the ball, the advancing side having been more completely 
cooled by radiation. If the temperature of the locality A is at 
its maximum at some small distance behind the point of contact 
of the ball with the rail, the maximum of expansion must also 
be a little behind that point, and thus constitute a propeiling 
power, as in the previous explanation. 

As nearly as I have been able to ascertain, the following appear 
to be the most favourable conditions to a successful result :—1. 
The rails perfectly equidistant and horizontal. 2. The ball as 
spherical as possible, and of uniform thickness, or at least with 
its centre of gravity in the centre. 38. The maximum of tem- 
perature in the rails and the minimum in the ball. 4, The 
maximum of heat-conductivity in the rails and the minimum in 
the sphere. 5. The maximum of expansibility in the metal of 
the ball and the minimum in that of the rails. 6. A sufficient 
degree of thinness in the metallic shell to ensure quickness of 
local expansion. 7. A sphere of large diameter; and 8. The 
surfaces of the rails and ball as smooth as possible. The same 
conditions, with modifications of 3, 4, and 5, would probably be 
also the most favourable ones in the experiments of rotation by 
electric heat, already referred to. 

The apparatus has been presented to the Royal Institution, 
and may be seen there by those who are interested in the matter. 

In conclusion, I have to thank Messrs. Griffiths and Co., of 
Birmingham, for kindly granting me the unrestricted use of 
their enamelling furnace for the experiments. 

Birmingham, June 14, 1859. 
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XVIII. On some points of analogy between the Molecular Structure 
of Ice and Glass ; with special reference to Professor Erman’s 
observations on the Structural Divisions of Ice on Lake Baikal. 
By James Drummonn, Esg.* 


. 


[upon the lake] was perfectly transparent, but traversed by per- 
pendicular cracks..... These cracks were all extremely narrow, 
and filled with air. Many of them reached from the surface onl 
to a certain depth, which was the same for all, and seemed to be 
a third of the entire thickness of the ice. The other cracks then 
began at this depth, and reached down to the water... . . Quite 
different in look and origin from the cracks here described were 
the much wider fissures which are formed by the cooling and 
contraction of the ice subsequent to its perfect congelation. I 
found one of these at the place where we were stopping...... 
It had throughout a uniform width of 4 inches, and reached 
from the upper surface to the water. It was filled with new ice, 
which gave it the look of a vein or dyke in rock. What added to 
this resemblance was, that the ice fillmg the crack was always 
much whiter than the surrounding. It was traversed by fine 
cracks or flaws in a very regular and remarkable manner. One 
of these cracks formed a continuous and somewhat waving line, 
which occupied almost exactly the middle of the vein, and from 
that proceeded, at an acute angle, an immense number of smaller 
flaws to each side, just like the lateral ribs of a leaf issumg from 
the central rib.” + 
Such, then, are the phenomena; but before proceeding to 
their consideration, I shall briefly notice those bearing upon the 
molecular structure of glass, to which I have referred. If we cut 
a thin slip from a piece of sheet or crown glass, and hold it, 
while slightly bent, in a polarizing apparatus, coloured fringes 
will be observed, one set being separated from the other by a 
dark neutral line running through the centre of the glass. The 


* Communicated by the Author. 
+ Phil. Mag. for June 1859, p. 406. 
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fringes will be positive or negative, according as the slip is bent 

o the one side or the other—the negative appearing always 
upon the convex side, and the positive upon the concave,—show- 
ing that the molecular structure, whatever may be its nature, is 
the same on each side of the dark neutral line. If we now turn 
to the change produced upon glass during the process of devitri- 
fication, some light will, I think, be thrown upon the nature of 
this structure. Réaumur was the first to observe and describe 
this phenomenon, which he had produced by exposing a vessel 
of common bottle or green glass, filled and enyeloped on all sides 
by a mixture of sulphate of lime and sand, to the heat of a pot- 
tery furnace during the whole course of a firmg. When after- 
wards examined, the glass appeared to have exactly in its centre 
a dark line, from Sh on each side and parallel to each other, 
an infinite number of small needle-shaped crystals proceeded to 
the exterior surfaces. Now in this phenomenon it will be ob- 
served that we have the same dark central line found in homo- 
geneous glass by polarized light, on each side of which the cry- 
stals are arranged at right ‘angles. That this is the mode of 
arrangement which the molecules assume in their homogeneous 
state previous to the crystalline metamorphosis, we have no direct 
reason to conclude; neither have we any to reject the idea. It 
seems to me, however, the most probable hypothesis ; and I shall 
therefore assume it. Again, when glass has been cooled rapidly, 
_ as in the case of what are termed Prince Rupert drops and the 
Bologna or philosophical phial, we have another class of phzeno- 
mena closely connected with molecular structure. In these cases 
a peculiar tendency is induced to subvert the force of cohesion 
by which the molecules are held together, in consequence of 
which the slightest force is sufficient instantly to cause each 
portion to fly in pieces, or be converted into powder. The cause 
of this has been investigated by Dumas; but his conclusions it 
Were unnecessary to repeat. Keeping, however, all these phe- 
nomena in yiew, we shall he enabled, I think, to elucidate those 
observed by Prof. Erman. 

And first of all, reverting to his description, I would point out 
the opposite character of the fractures in the two classes of ice 
examined by him. In the case of that which formed the coyer- 
ing of the lake, the cracks proceeded from the outer, or rather 
the upper and lower surfaces of the sheet, towards its centre ; 
while in the ice with which the great fracture was filled, the 
principal crack ran through its centre, the others proceeding 
laterally from it towards the sides. From these phenomena the 
following conclusions may, I think, be drawn :— 

Ist. That the molecular séructure in both cases was the same. 

2nd. That the molecular s/a¢e in each was entirely different. 
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3rd. That the structure in both cases was closely related to, 
if not identical with that of ordinary sheet glass. And 

4th. That the ice formed in the fracture possessed a disrup- 
tive structure, analogous in some respects to that of glass when 
cooled rapidly. 

It is only, of course, from the direction of the cracks that we 
can trace by the eye the nature of the structure. But conclu- 
sions drawn from these would be of little value, could we not at 
the same time trace them to the action of molecular forces. 
Thus considered, however, the value of the cracks as evidence of 
structure will be at once apparent. In the ice with which the 
great fracture was filled, the principal crack passed through the 
centre, others proceeding from it laterally. Now the line of this 
erack is exactly that of the molecular axis of sheet glass, the 
principal characteristic of its structure to which I have drawn 
attention. Again, in the case of the great Lake sheet, Prof. 
Erman states that at a depth of about a third of the entire thick- 
ness, the cracks proceeding from the upper and lower surfaces 
met, and that this depth was the same for all. Now if this 
point be taken as that of the position of the central molecular 
axis, we have here also the same structural characteristic. ‘True, 
we have not here any direct evidence of its existence; but the 
considerations to follow will render it more conclusive. 

The cracks I suppose to be the result of molecular forces act- 
ing in each case in an entirely opposite manner. We have still, 
therefore, to trace the causes which produced this opposite mole- 
cular action ; and these, I think, are to be found in the opposite 
conditions under which the two descriptions of ice were formed. 
First of all we may take it for granted that the great Lake sheet 
was solidified under ordinary circumstances, that is to say, when 
the temperature could not be much lower than the freezing- 
point. Subsequently, when the temperature was considerably 
reduced, the great fracture was formed. Further, when this rent 
was newly made, the water must have rushed up, filled it, and 
become instantly solid. But when solidification was thus going 
on at a temperature within the mass of 32°, the walls of the 
fracture to which it was immediately exposed were at a tempera- 
ture lower by many degrees than the freezing-point. The sheet 
therefore was solidified under circumstances analogous to the 
process of rapid cooling in the case of glass, and by which a dis- 
ruptive structure is produced. In this condition, therefore, we 
have, it seems to me, the cause of the difference between the 
molecular states of the two classes of ice,—a difference in ac- 
cordance with which they appear to have strictly acted. For 
when the temperature subsequently became further reduced, 
those of the Lake sheet shrank towards its molecular axis, thereby 
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causing the fractures to proceed from its outer surfaces towards 
it, while the sheet enclosed within the great fracture, from the 
opposite cause, or an after increase of temperature, was burst 
completely asunder, its molecules being apparently repelled from 
its axis, thereby causing the principal rent to proceed along that 
axis, and many others from it laterally towards the outer sur- 
faces. Indeed, it is not at all an improbable hypothesis that-the 
much whiter colour of this ice, as noticed by Prof. Erman, may 
have been due to its complete disruption, to innumerable frac- 
tures traversing its entire mass, and too minute for detection by 
the eye. If this were so, then the phenomenon would be more 
directly analogous to that of the disruption of the molecules of 
glass in the case of the Prince Rupert drops, and resulting from 
the same cause, viz. instantaneous congelation under a reduced 
temperature. 

The analogy which I have thus briefly attempted to establish 
between the molecular structure of glass and ice seems to me to 
be, if successful, a not unimportant step in this inquiry, more 
especially as regards the principle of a disruptive structure. How 
far, for example, this principle might elucidate the phenomena 
of the veined structure of glacier ice, the white colour of its alter- 
nate bands, and their more porous character, are questions which 
will at once occur. Meantime, however, if by leading to further 
investigation I thereby lead to more luminous results, my object 
will be attained. 


Greenock, June 14, 1859. 


’ XIX. On the Freezing-point of Water in Capillary Tubes. 
By H. C. Sorsy, F.R.S. §c.* 


aes of two years ago, when making some experi- 

ments in order to ascertain the true nature of the liquid 
contained in the fluid-cavities in quartz, I thought that its 
freezing-point was well worthy of being determined. Sir Hum- 
phry Davy had long before shown (Philosophical Transactions, 
1822, p. 867) that in many cases this fluid was water; and I had 
myself proved to my own satisfaction that water is given off from 
the cavities when the crystal containing them is heated so that 
the expansion of the fluid bursts them; but I was anxious to 
confirm this conclusion by some independent experiment, and to 
prove that it was water whilst still in the cavities. I therefore 
kept for a sufficiently long time a portion of rock-crystal, contain- 
ing very excellent and distinct fluid-cavities about ;4,th of an 


. . . . . 1 00 
inch in diameter, in a mixture of snow and salt at a tempera- 
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ture far below the freezing-point of water; and then quickly 
placing it in a saturated solution of common salt previously re- 
duced to a very low temperature, I was much surprised to find 
that the liquid in the fluid-cayities had not been frozen, but the 
enclosed bubbles still moved about like those in spirit-levels, 
when the fragment was turned round, just as they did at first. I 
again repeated this experiment along with Dr. Tyndall; and we 
both came to the conclusion that the fluid would not freeze at a 
temperature nearly 20° C. below the freezing-poit of water, or 
even lower than that of strong saline solutions, and therefore 
there was some doubt as to whether it really could be water or 
some saline solution. I, however, had such confidence in the 
value of other independent proofs, that I still adhered to the 
idea of its being water, and that the phenomenon must be owing 
to some peculiarity in the freezing of water in minute cavities. 
I afterwards learnt that Dr. Perey had made some experiments 
with water in capillary tubes, and had arrived at a similar con- 
clusion. He has not, I believe, published an account of these, 
but kindly told me all the particulars. In his experiments the 
water apparently did not freeze at all: but when in such minute 
tubes, it is difficult to ascertain for certain whether the water is 
frozen or not, if it be merely examined with an ordinary magni- 
fying glass; and therefore, thinking there might still be some 
doubt about this, I resolved to carefully investigate the whole 
subject. 

Of course we all know very well that the temperature at which 
water will freeze is not necessarily that at which it thaws. It 
has long been known that the temperature may be reduced very 
considerably below 0° C. if no ice be present and the water be 
kept tranquil, freezing, however, when agitated. If the water 
be in a glass tube about one-fourth of an inch in diameter, the 
temperature can easily be lowered to —5° C. (23° F.), even 
when the tube is shaken; andif kept quiet, the temperature may 
be reduced somewhat more. At —6°, however, it freezes at once, 
eyen when kept perfectly quiet. The same takes place in tubes 
2th of an inch in diameter ; but when much less than that, the 
result is very different. 

To ascertain beyond all doubt whether the water in very minute 
tubes was liquid or in the state of ice, I had recourse to the aid of 
the microscope and polarized light. In using this, some‘care is 
required. Theanalyser should be so arranged as to haye a per- 
fectly dark field; and the plane of the polarization of the light 
should be either in the line of the length of the tube or at right 
angles to it ; for, if not, the light is depolarized by the curving 
sides of the tube. When all is properly arranged, and the focus 
adjusted to the centre of the tube, if it contain liquid water the 
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whole field-appears dark, and no white line is to be seen down 
the centre of the tube ; whereas, if the water be frozen, the double 
refraction of the ice depolarizes the light, and the tube appears 
as if it contained a white substance, which vanishes as the ice 
thaws. In order to delay the thawing, the small tube should be 
examined when inside a larger vessel containing a strong solu- 
tion of common salt. 

The capillary tubes used in my experiments were prepared by 
drawing out, when melted, the tubes used for alcohol thermo- 
meters; and their interna] diameters were ascertained by mea- 
suring them at the broken ends by means of the microscope- 
micrometer, because the bore appeared about 3 of the actual 
diameter when seen at the side through the curved glass. I 
made experiments with those whose diameters yaried down to 
nearly ;j5yth of an inch; but when so small as that, the depo- 
larizing action of the ice is so weak, that it is impossible to be 
quite sure whether they contain water or ice. Those, however, 
from 345th to }5th of an inch in internal diameter are in eyery 
respect most satisfactory; for there is no difficulty whatever in 
deciding this point with polarized light in the manner just de- 
scribed. When water is contained in such tubes, we can readily 
reduce the temperature to below —15° C. without using any 
care to keep them quiet; and even when we shake them very 
violently, it will not freeze. The temperature may even be re- 
duced to —16° C. (3° F.) without taking any precaution to keep 
it still; but at —17° C. the water freezes at once, even when 
kept perfectly quiet. It will thus be perceived that there is a 
difference of about 11° C. (20° F.) between the temperature at 
which water freezes in tubes of about 1th of an inch in diameter 
and in those less than z3,th, which is so great a difference that 
there is no chance of its being an error of observation. 

So far as I was able to ascertain, there was no very decided 
difference in the temperature in the case of tubes varying from 
zaoth to 745th of an mch in diameter, nor in the case of tubes 
from ith to z5th; but in a tube of about ,1,th the water froze 
at about —13° C., but not at —11°, which is clearly a tempera- 
ture intermediate between that required for those of jth and 

sath. It must not, however, be supposed that water will not 
reeze in minute tubes at a temperature very little lower than 
0° C., if the water be in contact with ice. When a tube of con- 
siderable diameter in one part is ever so fine in another, the 
contact of ice causes the water to freeze right down into the ca- 
pany part of the tube at a temperature yery little lower than 
° C.; and ice thaws as usual at O° C. when in tubes in which 
meter wil not freeze until the temperature has been reduced to 
—16° C. 
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It therefore appears to be completely proved that water will 
not freeze in tubes of very small internal diameter, even when 
they are shaken, at a temperature very considerably lower than 
that at which it freezes at once in larger tubes, even when kept 
perfectly still, as though the actual size exerted a most decided 
influence in preventing the crystallization of water, which freezing 
essentially is. In this respect water does not stand alone; for 
the same retarding action is exerted on the crystallization of salts 
from solution. This is well seen in the case of bichromate of 
potash ; for in some cases, when in a very minute state of divi- 
sion inside the fluid-cavities in other salts, a strong hot solution 
will not deposit any crystals on cooling, even after having been 
kept for upwards of a year, but remains as a deep yellow liquid, 
containing relatively far more of the bichromate in solution than 
can be retained when the liquid is in larger quantity. Small 
portions of lava have also often remained as an uncrystalline 
glass inside the minute cavities in the minerals of voleanic rocks, 
though it has entirely passed into a crystalline stone when in 
larger masses. 


XX. On the presence of Arsenic in some Artificial Manures, 
and its absorption by Plants grown with such Manures. By 
Epmunp Witiiam Davy, A.B., M.B., M.R.IA., Professor 
of Agriculture and Agricultural Chemistry to the Royal Dublin 
Society*. 


c is well known to chemists that sulphuric acid or oil of 

vitriol, as it is met with in commerce, almost always contains 
variable proportions of arsenic; but it appears to me that this 
fact has been overlooked by the public, and that they are not 
aware to what extent this highly poisonous substance occurs in 
general in commercial sulphuric acid, and thus becomes the 
means by which arsenic enters the different substances in whose 
preparation that acid is employed. 

My attention was first called to this subject by the difficulty 
I experienced in procuring any commercial sulphuric acid which 
did not contain a comparatively large proportion of arsenic, ren- 
dering it quite unfit and dangerous to be used for many purposes 
of experimental illustration. This arises from the fact, that the 
vitriol manufacturer has found that it is far more economical for 
him to make sulphuric acid from iron pyrites (a compound of 
sulphur and iron), which he can obtain for about twenty-five 
shillings a ton, than from native sulphur, for which he is obliged 


* Communicated by the Author, having been read before the Royal 
Dublin Society, April 29, 1859. 
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to pay about seven pounds for the same quantity. This ore of 
iron contains almost invariably more or less arsenic, which passes 
into the sulphuric acid manufactured from pyrites; whereas the 
native sulphur containing little or no arsenic, the sulphuric acid 
made from it is not so liable to be contaminated with that poison- 
ous substance. Pyritic sulphuric acid, on account of its being 
much cheaper, seems in a great measure (at least in Dublin) to 
have taken the place of that manufactured from native sulphur ; 
and hence the occurrence latterly of so much arsenical sulphuric 
acid in commerce, and the presence of arsenic in so many sub- 
stances in the preparation of which that acid is directly or indi- 
rectly employed. 

The vitriol and manure manufacturers have been in the habit 
of making an inferior kind of pyritic sulphuric acid, which, owing 
to its dark colour, is termed brown sulphuric acid: this contains 
a comparatively large proportion of arsenic, and is chiefly used 
in making superphosphate and other artificial manures ; and the 
manufacturer appears to think that the acid which is too impure 
to be used in the arts, is good enough for making manures 
and for other agricultural purposes. This, however, from the 
experiments I shall presently refer to, appears to be a great 
mistake. 

Knowing that sulphuric acid containing arsenic was so largely 
employed in making superphosphate and other artificial manures, 
and that they therefore must contain variable quantities of that 
substance, I have for some time thought that it was not impro- 
bable that plants grown with such manures might imbibe or take 
up from the soil where those substances had been employed, a 
certain quantity of arsenic, and in this way be rendered more or 
less unwholesome as articles of food. 

As a preliminary experiment to ascertain if plants had the 
power of taking up arsenic when it was presented to their roots 
in the soil, I transplanted into a flower-pot, in June 1857, three 
small plants of peas, and when they had recovered the trans- 
planting, I commenced watering them every second or third day 
with a saturated aqueous solution of arsenious acid; and this 
treatment was continued for more than a week without its ap- 
pearing to exercise any immediate injurious effects on the plants. 
At this time, however, I was obliged to leave home for some 
months, so that I was unable to continue longer the watering 
with the arsenical solution, or to observe further its effects on 
those plants. On my return I found that they had grown to 
about their full size, had flowered, and produced seed, showing 
that arsenic, though so yery destructive a substance to animal 
life, had not apparently exercised any decided injurious effects 
on those plants. 
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Having collected the stalks, leaves, and pods of the peas, I care- 
fully kept them for examination, to ascertain if those plants tider 
the treatment they had been subjected to had taken up any arsenieé: 
Professional business, however, of one kind or another preventéd 
at the time my pursuing the subject any further; and I did not 
resume the inquiry till recently, when, being engaged in the de- 
tection of arsenic in a case of suspected poisoning, my attention 
was again called to this subject. 

In the case I allude to, the quantity of arsenic present in the 
stomach and its contents was very minute, and I had recourse to 
several methods for the detection of that metal before I could 
affirm positively as to the existence of arsenic; and I found that 
by employing conjointly Reinsch’s and Marsh’s methods, by far 
the most satisfactory results were obtained. 

These methods are well known. The first consists ii boiling 
the suspected substance along with diluted hydrochloric acid, 
together with some pieces of metallic copper, when, if arsenic is 
present, it will be deposited in the metallic state on the surface 
of the copper, giving it a peculiar steel-grey appearance ; and on 
heating the copper after being washed and dried, the arsenic cati 
be volatilized as arsenious acid, and identified by its appropriaté 
tests. The second method consists in bringing the suspected 
substance, in a state of solution, in contact with a mixture of 
zine and diluted sulphuric acid contained in asuitable apparatus; 
when the arsenic, if present, will combine with the hydrogen 
being generated, and will form arseniuretted hydrogen, a gaseous 
compound which is characterized by its producing a stain of 
metallic arsenic when any cool surface is held over a stnall jet of 
the gas whilst burning. On trying by these methods the stalks 
and Jeaves of the pea-plants which [ had watered with arsenious 
acid, I found that arsenic could be readily detected in them, and 
was present even in the seeds; showing clearly that arsenic had 
been freely taken up by those plants, and that every portion of 
them appeared to have imbibed the poison. 

This experiment having shown me that arsenic might be taken. 
up in considerable quantity by plants without its destroying their 
vitality, or appearing even to interfere with their proper fune- 
tions, | proceeded to ascertain if the arsenic, as it existed in dif- 
ferent artificial manures (such as the superphosphate), would in 
like manner be taken up by plants growing where those manures 
had been applied. To determine this, I transplanted, last April, 
a small cabbage-plant into a flower-pot in which I had previously 
put a mixture of one part of superphosphate to four parts of 
garden mould. The cabbage after a short time appeared to 
recover the transplanting ; and when it had been growing in the 
mixture for three weeks, I cut off the top of the plant, which 
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looked perfectly green and healthy. On examining it for arsenic, 
I obtained the most distinct indications of the presence of that 
substance, though only a very small amount of cabbage, viz. 113 
grains, were used in the experiment. This result was therefore 
perfectly conclusive as to the power possessed by some plants, at 
least, of taking up arsenic from manures containing that sub- 
stance. As in this experiment I was aware that I had placed 
the plant in a most favourable condition for absorbing the poison, 
and that a larger proportion of superphosphate had been em- 
ployed than was used in practice, my last experiments were to 
ascertain if the presence of arsenic could be detected in our crops 
grown with superphosphate in the ordinary way. : 

I procured for this purpose some Swedish turnips which had 
been grown with superphosphate, and having most carefully 
washed each turnip to remove every particle of adhering clay, I 
eut up in small pieces 2 lbs. weight of one of the turnips, and 
boiled them in a large glass flask for about three hours with 86 
fluid ounces of distilled water, to which I had added 3 ounces of 
hydrochloric acid (spec. grav. 1:14), placmg in the mixture a 
hundred grains of perfectly clean and bright turnings of metallic 
copper. After removing the copper turnings and washing them 
well with water to separate the vegetable matter, and then boil- 
ing them for a few moments in a mixture of spirit and ether to 
remove any fatty matter which might have been deposited on the 
metallic copper; and finally, after the spirit and ether had been 
poured off, washing well with distilled water, the copper was 
found to have acquired the characteristic steel-grey appearance 
produced by the presence of arsenic under such circumstances. 

The copper turnings were then carefully dried, and afterwards 
heated strongly in a glass tube closed at one end, when a very 
perceptible white sublimate was produced, which, on being dis- 
solved in hot distilled water, and this solution added to a Marsh’s 
apparatus in operation (the hydrogen flame, which before the 
addition of the solution did not give the slightest indication of 
a metallic stain on a cool piece of white porcelain being placed 
over it), produced immediately the characteristic stains of me- 
tallie arsenic in a most striking manner, proving beyond all 
doubt that the matter deposited on the copper was metallic 
arsenic, and the sublimate arsenious acid, formed during the 
heating of the metal. 

This experiment was repeated with the same results, using 
24 lbs. weight of turnip taken from another of the turnips, it 
being previously peeled. I may observe that in these, as well as 
in the foregoing experiments, I was most careful that no source 
of fallacy might arise from the arsenic being derived from the 
reagents employed, which were previously ascertained to be. free 
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from arsenic ; and to avoid all possibility of error, comparative 
experiments with the reagents alone were made in almost every 
step of the different investigations. 

The turnips I experimented on were grown by Mr. John Rath- 
bone, Dunsinea, Co. Dublin; and I was informed that six hun- 
dredweight of superphosphate had been used to the Irish acre,— 
the superphosphate being previously mixed with peat and clay, 
in the proportion of one part of superphosphate to three parts of 
the mixture of peat and clay. 

These experiments appear to me to be perfectly conclusive as 
to the power possessed, by some plants at least, of taking up 
arsenic when it is introduced into the soil by artificial manures 
which contain it, even when they are employed in the usual way 
and proportions by agriculturists, and how objectionable it is to 
use any materials in the preparation of those manures which will 
introduce so destructive and dangerous a substance as arsenic 
into the soil. 

I thought it would be desirable to ascertain the proportion of 
arsenic present in the brown sulphuric acid used by one of our 
Dublin manufacturers for the purpose of making superphosphate 
and other manures. In 12 fluid ounces of the acid, by the usual 
methods of determining the quantity of arsenic in such cases, I 
obtained an amount of metallic arsenic equivalent to about 12 
grains of arsenious acid, or 1 grain to each fluid ounce; and the 
ounce of acid weighing about 800 grains, the arsenious acid 
would be z1,,th part of the weight of the acid, which would be 
equivalent to about 2°8 lbs., or nearly 3 lbs. weight in the ton 
of sulphuric acid. But it is probable that the generality of 
brown sulphuric acid employed contains much more arsenic 
than this sample I examined, its specific gravity being only about 
1-780, whereas the usual strength of the acid is 1°845. Dr. 
Owen Rees found 13°5 grains of arsenious acid in 12 fluid ounces 
of commercial sulphuric acid ; and Mr. Watson, in the London 
Medical Gazette, states that the smallest quantity of arsenious 
acid which he detected in the same amount of commercial acid 
was 21°3 grains. There is therefore every reason to suppose 
that the acid usually employed for agricultural purposes contains 
a far greater quantity of arsenic than the sample I examined ; 
and as the proportion of sulphuric acid used in making these 
artificial manures is very large (thus, for example, in the manu- 
facture of superphosphates, the most valuable manure of this 
class, about one ton of acid is used for every two tons of bones 
employed), the quantity of arsenic present in such manures must 
be considerable. 

These facts appear to me to have some important bearings ; 
for though the quantity of arsenic which ocewrs in such manures 
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is not large when compared with their other constituents, and 
the proportion of that substance which is thus added to the soil 
must be small, still plants may during their growth, as in the 
ease of the alkaline and earthy salts, take up a considerable 
quantity of this substance, though its proportion in the soil may 
be but very small. Further, as arsenic is well known to be an 
accumulative poison, by the continued use of vegetables contain- 
ing even a minute proportion of arsenic, that substance may col- 
lect in the system till its amount may exercise an injurious effect 
on the health of man and animals. 

As connected with this subject, I may observe that I was in- 
formed of a curious fact,—that sheep did not appear to like Mr, 
Rathbone’s turnips which were grown with superphosphate, so 
well as those where the ordinary farm-yard manure had been 
employed, and that they could not be made to eat enough of the 
former turnips to fatten them properly. If this was really the 
case, it would appear to favour in some degree my views as to 
the probable unwholesomeness of vegetables grown with manures 
containing even in smal] quantities so deadly a poison as arsenic, 
which my experiments have shown that plants are capable of 
taking up from such manures. 

Finally, these investigations appear to have a medico-legal 
bearing ; for in cases of suspected poisoning by arsenic, where 
the evidence may chiefly depend on the detection of a small 
quantity of that substance in the liver and other viscera, as is 
sometimes the case, my experiments would tend to throw much 
doubt and uncertainty on such cases, because the presence of a 
minute quantity of arsenic in the viscera may not be owing to 
its direct administration, but to its having found its way mto 
the system through the vegetable and, indirectly, animal food 
taken by the individual. 

These and other important considerations connected with this 
subject can only be determined by aseries of carefully conducted 
experiments, which 1 purpose commencing, and I hope at some 
future time to have the pleasure of communicating their results 
to this Society. “ 


XXI. On the influence of Capillary Attraction upon the Hydro- 
metrical Measurement of the Specific Gravity of Liquids. By 
Cu. Lanesure, late Professor of Natural Philosophy at 
Christiania*, 


[* order to test the accuracy of an hydrometer, you may 

either immerse it in various test-spirits of known alcoholic 

strength, or you may adopt Brisson’s method, which, as is known, 
* From Poggendorff’s Annalen, vol. evi. p. 299, 
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consists in loading the instrument with the weight that sinks it 
(or rather that ought to sink it) in water to the division mark of 
the scale, at which the unloaded instrument floats in a liquid 
the specific gravity of which is indicated by that particular mark. 

As I was trying several hydrometers in both these ways, 1 
was struck by the fact that they never gave altogether consistent 
results. If, for instance, the instrument tested according to the 
first method appeared to be accurate, according to Brisson’s 
method it always showed an excess of alcohol in a given mixture. 
Hydrometers, for example, made at Berlin (even those adjusted 
at the Royal Prussian Gauge Office) showed from half to one per 
cent. too little aleohol in comparison with the actual density of 
the liquid, while the same instruments tested according to Bris- 
son’s method were found almost correct. 

After due consideration, I think the following explanation may 
be given of the circumstance in question. . 

If a cylinder be floated upright in a liquid that wets it com- 
pletely, the latter, as is well known, rises all round the cylinder 
against its sides and forms a conical surface, which below spreads 
out asymptotically to the horizontal surface of the liquid, and 
above joins the surface of the cylinder with a sharp turn, so that 
the tangent of the generating curve at the highest point is ver- 
tical. Now this elevated fluid ring must exert a downward force 
equal to its weight or hydrostatic pressure, and, if the cylinder 
float upright, must sink it as much deeper as would be the case 
if no portion of the liquid were elevated by capillary attraction, 
but the weight of the cylinder itself were increased by an amount 
equal to the weight of the liquid raised. 

If a cylindrical disc, a4, be brought into contact with the 


surface of a liquid that wets it, and be then slightly raised, 
the liquid follows it and rises also in the form cabd. Now 
this elevated liquid column exerts on the dise a downward 
force, which may be considered as consisting of two parts; one 
due to the weight of the cylindrical portion a op, the other to 
that of the conical ring aoc, bpd. The first of these is known 
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when the distances ab, ao and the specific gravity of the liquid 
are given; the other part might be calculated if the equation of 
the curved surface acbd were known. 

If y denote the height eg of any point in the curved surface 
above the level of the liquid, p and p! the radii of greatest and 
least curvature of the surface at that point, and m a constant, 


then generally 
bes I 
y=n(5+ 7) eC irs tee (1) 


an equation first evolved by Young*, and afterwards confirmed 
by the researches of Laplace+, Poisson{, and Gauss§. Young 
proceeded on the hypothesis that there existed in the surface of a 
liquid a sort of tension, which was the same at every point,—an 
hypothesis which agrees entirely with the later researches above 
as al to, though the latter partly rest on other suppositions as 
well, 

If, now, T denote the tension in a strip of the surface whose 
breadth is unity,and é the weight of a unit of volume of the liquid, 
the constant in the above expression is, according to Hagen ||, 


a 

Mase ee ee ee ee @) 
At the highest point of the curve bed (whose ordinate bp we 
will indicate by H), p! is equal to the radius of the cylinder itself, 
and p to the radius of greatest curvature of the curve bed, which 
by revolution round the axis of the cylinder, describes the capil- 
lary surface of double curvature. And it is easy to see that 
these two radii lie in the same straight line, and that the one is 
positive and the other negative. In this case, therefore, equa- 

tion (1) takes the form 


y=n(2-3). ile Pade ean 


Although it is not difficult from expression (2), given above, 
to find the differential equation of the curved surface, the inte- 
gration of that equation is involved in great and probably insu- 
perable difficulty. 

I have therefore adopted the same method as Hagen 4], whereby, 
although the equation of the surface is not found, m receives a 


* “ An Essay on the Cohesion of Fluids,” Phil. Trans. 1805. 

+ “On Capillary Attraction,” and “Supplement to the Theory of Ca- 
pillarity,”’ Mécanique Céleste, vol. iv. (1805). 

{ New Theory of Capillary Attraction (1831). 

§ “Principia generalia theorize figure fluidorum in statu aquilibrii,” 
Comm..Soe. Scient. Gétting. vol. vii. (1829), 

|| Poggendorff’s Annalen, vol. Ixvii. p. 1. 

§| Ibid, vol, Ixvii. pp. 27 and 28, 
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value by means of which T can be calculated, when H is known 
from observation. 

If we admit that which is in itself very probable, namely that 
the generating curves of the capillary surfaces raised by all 
wetted cylinders of whatever radii are similar, or even (what in 
this case is alone essential) that the radius of curvature of the 
generating curve at its highest point bears a constant proportion 
to the ordinate of that point, then we have 

pope a: 
or 


yl 
OP, Fale 


where p denotes the radius of curvature answering to the height H, 
p"' that answering to the height H". If, now, 7(=p'), the radius 
of the cylinder, be infinite, that is to say, when a plane surface 
is placed upright in a liquid, equation (3) can be integrated 
without difficulty, and we find* 


p'=iH" and p=i3H; 
so that from (3) we have 


eal m H 
H=m(5—->)=F(2- 5)» 


H?2 
m= Ao oe 
Paes, 


r 


or 


If, then, x and H are determined by measurement, m( = = 


can be easily calculated. 

In order to test how far the above hypotheses are correct, 
Hagen measured the height H for discs of different radii, and 
thereby discovered that the difference between the observed and 
calculated heights fell within the limits of error of observation. 
Having made several experiments with floating cylinders, I have 
arrived at the same conclusion. 

Equation (4) may therefore, it seems, be applied with confi- 
dence. If in this manner m, and thereby T, be determined, the 
downward force exerted by the body of water elevated by the 
dise may easily be calculated. The weight of the fluid cylinder 
abop = Unr?k, and the force exerted by the above-mentioned ten- 
sion =2zrT; wherefore, the whole downward force being denoted 
by G, we have 

G=Horrk+2erT. 2 we wend) 


* “On Fluid Surfaces,” Poggendorff’s Annalen, vols. Ixvi, and lxxvii. 
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For a floating hydrometer properly wetted, we have, then, 
G=2rrT=2armk ; 


and the effect of this force must obviously be the same as if the 
weight of the instrument had been increased by G. Let, then, h 
denote the increased distance to which the hydrometer sinks in 
the liquid when loaded with the weight G; then, ifm and T are 
determined by observation, # may be calculated as follows :— Let 
V be the volume of the part of the hydrometer immersed in the 
liquid in consequence of its own weight P, dv the increased 
volume immersed by the additional weight G; then 


ii: V Geer: 
and since 
1 
vi ke? 
PG G 
aha anes 
but 
dv=tr*.h, 
por 
Seta SIT TI: 


and if the value for G above determined, namely 2amrk, be sub- 
stituted, we get 

_ 2m 
=—. 


h PEE SS (6) 

If the constant m has different values for different liquids, it 
follows from this that an hydrometer, the scale of which is cor- 
rect for a given liquid, will be incorrect for others. 

Should the scale of an hydrometer be divided according to 
Brisson’s method, it will sink either too deep, or not deep enough 
in the liquid for which it is designed, according as for that liquid 
m is greater or less than for water. Let, then, /! express in the 
case of the liquid in question the same as / does for water, then 
the error in the position of the division of the scale caused by 
capillary attraction will be expressed by h—W’. 

In order to determine how far the observed differences in the 
readings of hydrometers mentioned at the beginning of this 
paper could be explained on the above grounds, I made a large 
number of measurements which appear to confirm completely 
the correctness of my hypothesis. For the purposes of compa- 
rison I made use of the following instruments :—I1st, an hydro- 
meter, No. 53, by Ch. F’. Geissler of Berlin ; 2nd, an hydrometer 
of J. G. Greiner of Berlin; 8rd, another instrument by the same 
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maker (all fitted with Tralles’s scales); and 4th, one of Gay- 
Lussac’s hydrometers made by Nissen of Copenhagen. 

The error in the division scale, or h—/’', was determined in 
the following manner :—A glass cylinder, of radius 17°821 mil- 
lims., was placed upright in the spirit to be examined; a fine 
steel needle, also upright, was fitted to the cylinder in such man- 
ner that it could be elevated and depressed by means of a micro- 
meter-screw, so that its point could be brought into contact with 
the surface of the liquid. By means of a very exact catheto- 
meter, the distance between the upper end of the needle and the 
raised edge of the surface of the capillary ring of liquid was 
measured, and thus the length of the needle bemg known, the 
height H was determined. As the specific gravity of the spirit 
under examination was known, m, T, and h—/’ could then be 
calculated. 

For several samples of spirit the following values of H, m, 
and T were found (1 millimetre being taken as the unit of 
length) :— 


She of sleohal ‘a Temperature Pe T in milli- 
60° Fabr. Cent. grammes. 
84:63 2:2125 178 2:7970 2:3770 
69°81 23295 16:8 31213 2°6526 
56°20 23727 15:6 3°2472 2-9900 
49:19 23930 18-2 33073: 3:0922 
40°42 2°4539 18°8 3°4916 33101 
29°52 2°6546 178 3°7813 3°6494 
14:23 | 2°7462 _ 138°0 4°4570 4:3748 


If the per-centage of alcohol be taken as the abscissa and T 
as the ordinate, the curve representing the tension will be seen 
to be convex towards the axis of z. From 0 to 40 per cent, it 
falls rapidly, but afterwards it presents only a slight curvature. 
This is still more obvious if the weight per cent. of aleohol be 
substituted for the volume per cent. The curve, then, between 
30 and 80 per cent. is very nearly a straight line, and the tension 
T can, between these limits, be calculated with sufficient prac- 
tical accuracy from the formula T=a—dp, where a=3°96798, 
b=0-0204867, and p is the weight per cent. of alcohol. In this 
manner, for instance, we find 


Volume per cent. | Weight per cent, T calculated from| Diff. from T as 


the last formula, observed. 
84-63 79-06 23483 +.0-0287 
69°81 62°31 2°6914 —0:0388 
56:20 47:57 2°9984 —0:0034 
49:19 41°77 31123 —0-:0201 


40°42 33°76 3°2763 +0:0338 
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The average error for T being 0:036 millim., the probable 
error 0:024 millim., which, in the determination of h—V', is 
quite inappreciable. 

In order, finally, to compare the calculated errors (h—h') in 
the scalar division with those observed, numerous experiments 
were made with the four instruments above mentioned, the 
results of which are put together shortly in the following 
Table :— 


Alcohol per h—-h', 
No. of obser- cent. by : No. of tone! matt = 
vant: volume. mtrament: Calculated. | Observed. | Error. 
1 045 | 0-43 +0-02 per cent. 
i | 8463 | 2 049 | 0:59 —010 ,, 
3 063° | 0°63 0:00 ~—C*=,, 
1 0:52 | 0:44 +008 5 
, 2 0:57 0:60 —0:03 
a tae 3 075 | O76 | 0-01 eg 
4 0-40 0:44 —0:04 5 
| 1 0-69 0:57 +012 =~, 
2 0-70 | 0-78 | —0-08 
Meet aig 3 0-88 | 0:88 0-00 
4 0:49 | 040 |4009 —,, 
/ 1 0-79 | O91 |-—Ol12 ,, 
4, | 40°42 2 0380 | 0:90 O10 55 
3 103 | 1:07 =O0:04, 4°, 


It appears from this Table that the difference between the 
observed and calculated values of h—h! only twice reached °12, 
which on the scale answered to about *2 millim., a degree of 
accuracy which must be pronounced to be perfectly satisfactory. 


XXII. On an Analytical Theorem relating to the Distribution of 
Electricity upon Spherical Surfaces. By A, Cayury, Esq.* 


HERE is contained in Plana’s Mémoire sur la distribution 
de Vélectricité & la surface de deux spheres conductrices com- 
pletement isolées (Mém. de Turin, vol. vii. 1845), an identical 
relation which is remarkable, as well in itself as because by means 
of it the author corrects an error into which Poisson had fallen 
in his researches on the same subject. The development of a 
certain definite integral is obtained in the form (equation 165) 
MA .,1,, 3.4.5Mh 


25 
peat t ry oi 


Poisson had in effect shown that M,=0; and he thence inferred 


y=—2.3 


sin 6+ &e. 


* Communicated by the Author. 
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that, 6 being small, the function in question a sint 50, or what 


is the same thing, «(1—cos@)*?. In the former part of the 
memoir, Plana shows that this is not the true form of the deve- 
lopment ; the foregoing development must therefore be illusory ; 
and Plana in fact shows, by a laborious induction carried as far 
as M., that all the coefficients M vanish identically. The iden- 
tical equation M;=0, where 7 is any positive integer whatever, 
constitutes the analytical theorem above referred to. Plana’s 
expression for the function M; is as follows:— 

B,, B;, B;, &e. denote Bernoulli’s numbers as given by the 
equation 


t i i i 
seq ey Tipe 1 Ne en 
(B exe B aa B ai B a &e. I have, in conformity 
eG. er OU ke AS ae aia Te ; 


with the usual practice, written the equations so as to make 
these numbers all positive; with Plana they are alternately po- 
sitive and negative). And in the equation 162, writing for & 


its value isp we have, X being any positive integer, 


mara ORS ee 
Phe ae NA] 
OB) Onset a abe acs cae eae 
_AA=1.A=2.2=3p (140)! 
ean eo Ke S38 


NAKL.AHZ-AWB-A—4 AHR (140) 
1 19S 5 26 ban 


+ &e., 


where the series is continued for so long as the factor in the de- 
nominator is positive. It should be observed that this factor 
really divides out, and that the rule just mentioned amounts to 
this, viz. that when 2 is odd, the finite series on the right-hand 
side is to be continued to its last term; but when 2 is even, the 
series is to be continued only to the last term but one. And 
G) being thus defined, the expression for M,; (see equation 164, 


: syd 

in which I have written for & its value ia is 
é' : 1 : j 2 

Mp= (140) 4 Get (+2) TF Gas +648) 5A") ins 


a 
T.2 
: }.2—1 /1+53 
++ (=) Gis + &e. es 
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where on the right-hand side the finite series is continued up to 
its last term, the value of which is obviously 


i+] i+1 
(142141) at?) euubaiice cs rene 


But the form of this equation may be somewhat simplified. 
We in fact have 


—lui- 
7421 es wen aude i41ii—1 y 
ein 1s+2 50+) +B +0 —B Te 40 5 
74+-3.21 1] 7+2 12.4 ag 


2 — SEE eee 
4 Te a at tO +B +UP—Be Te (1+0)'4 &e, b, 
which is at once changed into 
il. 
a+oMea st {1504543 tea oy 


Bea +0)'+ &e, 


11 1i+2 i+2.i41 : 
Toma 7 Oto +B ATS 4) 


2+2.i+1.2i—1 
ee haa et we. b 


. 1 care 
+7 9p{l- 5148 (1 40)4B, 1+38. ey 


LEBER yy xe, | 
+ &e. 


Or multiplying by ¢+1, and then putting i—1 in the place of 
z, we have 


ee! i—1 1 
a(1+)M;-,=0;+ a e O14 oe Oj42+ &c, =0, 
aH 


@,=1-}! iis 1i-2.i-3 


2 4 
)?—B, 1.234 (1+0)4+&e, 
In this last sie ce the finite series on the right-hand side 
is, when 7 is even, to be continued up to its last ter m, but when 


i is odd, then only up to the last term but one. And the equa- 
tion to be proved is 


—ll 


0= @,+ = I Be Sinise . 9 i 


Oj+2 + &e., 
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where on the right-hand side the finite series is to be continued 
up to its last term. And the equation holds for any integer 
value of i whichis 2. This is the simplest form of Plana’s 
theorem. 


We have 0;=7(14 d)'G;_,; 
or writing this equation under the form ©;=7(1 +) ay and 
comparing with Plana’s developed expressions for ai (which 
are continued by him as far as Gj7), we find 
©, =—6, 
B,= Tet 
ny ae Bee 
8, = b?, 
— lpa2ye — 29-1 
e, = 5? +5 30 rad ‘ 
ee Lio 933 — Lys 
0,= 54 20 52 ; 
omy | e435. Ah 51 136 
0, =—-go- 4 go + gli + D+ ED, 
ae 2 50 3423p, 54 2 76 
e, = 3? + 4b +a bit 40+ 50, 
_» 8, , 12s | 84,5. 24, 28, 82, 125 35, 
Oo=  — 3°12 — 8705403701207 — 3 as, 
&e., 


which are of course the results obtained by developing the fore- 
going expression for ©;, in powers of b, and collecting the terms. 
The formule put in evidence a remarkable symmetry which does 
not exist in the original expression in powers of (1+). 

It would be now easy to verify, for moderately small values of 
the suffix, the equations 


2 1 
@,+ 5 @,+ pe O1=9% 


3 3 1 
@;+ 5 Oat Fz Ost Fs Oe=0, 


28 
&e. 
This is, in fact, Plana’s process, which, however, as the suffixes 
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increase, becomes a very laborious one, and the law of the terms 
which destroy each other is not in anywise exhibited thereby. 

I have succeeded in obtaining a complete demonstration, 
founded on Herschel’s theorem for the development of a function 
of e', and the expression thereby given for Bernoulli’s numbers. 
The theorem in question is, that for any function of e* which 
admits of development in positive integer powers of ¢, 


f(e)=fl+ Ajet, 
where the right-hand side denotes the series the general term 
whereof is 


i” ¥ 
Lo 6g 


and f(1+A) is of course to be developed in powers of A, and 
the different terms A, A*%, A’, &c. applied to the symbol 0” 
(viz. AO”=1"—0", A?0"=2"—2.1"+0", &e.). This gives 
_# _log (+4) 2. | 
e—l A 
And comparing the development of the right-hand side with the 
development 
i pa he lig ie IO 
pare oe eke te he 
we find 7 
log (1+A) po _ 
Az ol 


log (1+4) m1 
A ome 


log (1+A)_,, . 

A 0° =(—) + Bega 
log (1+A 
oe tO) 9-10 (a> 1). 


It is now easy to obtain the equation 
log (1+ A) i i 
==, —{G+00+4)) —(—0(1+2))'}. 


In fact, the first two terms of the development of the expression 

on the right-hand side agree with those of the foregoing expres- 

sion for ©,. For any even power 2w (except, when ? is even, the 
power 27=7) the term is 

[i] a, log (1+) 4, 

feu ae HO) rer ns os 
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which agrees ; and when 7 is even, then for the power 2x=i 
there are twojequal and opposite terms which destroy each other, 
and the whole term in @; is, as it ought to be, zero. For any 
odd power 2x—1 (> 1) (including, when ¢ is odd, the power 
2a—1=7), the term vanishes as containing an evanescent factor. 


And the expression for @; is thus shown to be true. 
I write for shortness, 


log (14A).., <, 
6 or, 


where 
X=1+40(1+0), 


Y= —0(1+0). 
Forming the expression for 7(1+ ae 


-—1l 


> 9 b? +5 Oi42+ &e., 


=@0;+ ds Oi41 ia 
this is rl 
soem P®08{ (x(443))-(x(0+ DY 


and we have 
=(1+0)(1+)—2, and .. 


+ 1+) 
b 


1+ =(1+0)——, 


(x(14+ F)) =(FE) +9104 0040)—a}, 


Y=—0(1+d), 
uA 1+). 


1 
1+ ,— a a a mae p (0(1 +2) —3}, 


(v(1+5)) =74*) @oa+H-0): 


We see that the expression for (xQ + *))is deduced from 


that of (¥(1+4 5 )) by writing therein 1+0 in the place of 0; 


we have therefore 


(x(1+8))'a040i(x(0+4))) 


* - 


the Distribution of Electricity upon Spherical Surfaces. 125 


and consequently 


(x(1+4)) - (x(1+7 y. =A(¥(1+5)) 


_( —-) a(0(0(1 +2) —2})* 
Whence also 


i(1+))Mi= (2+?) og (1+A)(O{0(1+4)—4})4 


We have by the general theorem, 
t= log e‘= log (1+ A)e‘:°; 
and consequently whenever z <{< 2, 
log (1+ A)0"=0. 


But 7 <|< 2, and the function (0{0(1+4)—4})! contains only 
O' and the superior~powers ; it is therefore reduced to zero by 
the operation log (1+ A), and we have 
z.7—-1 1 

a ae 
and the theorem in question is thus proved. The foregoing ex- 
pressions for @,, ©, &c. show that these functions all divide by 


6, and moreover that when 7 is even and greater than 2, then 
that @,; divides by 8? The equation 


@,= EEF) 4001 +0))'—(—001-+8))'} 


u(1 +4)Mi1=O;+ 7 +; O;+1 + —————_ Oi+e+ &e.=0; 


gives generally for the term in ©; involving 4*, the expression 
(a* ,«bes as 
[#]" 


And it is to be shown, first, that the coefficient vanishes for a=0 ; 
and next, that when 7 is even and > 2, the coefficient also va- 
nishes fora=1. Putting «=O, the coefficient is 


log (1+ A) 
A 


{(1+0)'-20*—(—0)'}. 


{(1+0)'—(—0)'}, 
which is equal to 


eT 1 A—(—J1}0, 
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or to ‘ 
: ._, log (1+A) , 
Jog (1-+A)0'+ (1—(—)'1} “ES Aoy, 


where, since i << 2, the former term vanishes, as above remarked ; 
and the latter term, when 7 is even, vanishes on account of the 
factor 1—(—)'1; and when 7 is odd, on account of the other 
factor. Hence the coefficient vanishes for e=0. 

Next, if i is even, and a=1, the coefficient becomes 


log (1+A ae : 

Set ta 10) one), 

which, writing (1+0)—1 for 0, becomes 
log (1+A ° ; 
se Eoke at +0)'—(1+0)"~’ —0}, 


which, since (14+ 0)'—0'=A0', (14+.0)?=(14+A)0°", is 
equal to 

log (1+ A)O'— (1+ A) 1g (1+A) om}, 
or since the first term vanishes, to 


__ (1+A) log (1+A) 
A 


om 

But this function is to a numerical factor prés the coefficient 
<= J auadae 

we write —? in the place of ¢, we find 


t u 
of 75m ee , or what is the same thing, in 
in the expression for ay 


t 4 
jt Ss st+Bi yy ae SEO | 


+ &e. 


Hence 7 being even and greater than 2, the function in question 
vanishes. Hence in the case the coefficient vanishes for a=. 
Writing 6 for z i—a, OF assuming «+ 8=i, the symmetry of 
the foregoing expressions for O4, Os &c. shows that we ought 
to have 
log (1+A 


eeu {(l EO O = (— =0)**F} , 


where the upper or under sign is to be taken according as a+8 
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is even or odd. Or separating the two cases, we find 
log (1+A 
28 CF) (1 +0)'0°—(1+0/°0"}=0, 2 +8 even, 

and 
log (1+ A 
ae i £(14.0)°0° + (14-0)°0"+2.0°*}=0, «+ Bod. 


I have not attempted to verify & posteriori these elegant 
formule. 


2 Stone Buildings, W.C., 
June 18, 1859. 


XXIII. Teneriffe Fossils, and Sir Charles Lyell’s Notice in the 
Philosophical Magazine for July 1859. By C. Prazz1 SMytH. 


To the Editors of the Philosophical Magazine and Journal. 
GENTLEMEN, Edinburgh, July 16, 1859. 
ITH some surprise I see, on page 21 of the Philosophical 
Magazine for this month, that Sir Charles Lyell has 
dragged into print a portion of a private letter. 

While glad in any way to learn the scientific opinions of so 
highly and deservedly esteemed an authority as the celebrated 
author of the ‘ Principles of Geology,’ I regret that I cannot in 
this case agree with him, or allow that he has materially invali- 
dated any essential part of my ‘ Teneriffe Report for 1856.’ He 
allows, for instance, that the important information there given, 
of fossil shells having actually been discovered in Teneriffe, is 
perfectly true; but objects, first, to the discovery being spoken 
of as “late,” rather than “old;” and secondly, to the locality 
being alluded to as “on the slopes of the great crater.” Yet 
with regard to the first objection, he does not give any earlier 
printed authority than my own pages; and with reference to the 
second, absolutely refuses all discussion of what it must depend 
on,—under plea, too, of certain @ priori opinions, which could not 
have been shared in by the Royal Society Committee of June 
1856, when they recommended to the Admiralty that “ there are 
also various points of interest relating to the geology and geo- 
graphy of this region (Teneriffe) which Prof. Smyth may possibly 
find time to attend to.” (See page 476 of part 2 of Phil. Trans. 
for 1858.) 

Sir Charles Lyell moreover alleges, at the very opening of 
his communication, that my ‘ Report’ has been printed by the 
Admiralty since the publication of a paper of his in the Phil. 
Trans. for 1858, part 2. But as the last one, of the few pages 
that were printed by the Admiralty, was worked off on the 4¢h of 
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February, 1859; and as the part of the Phil. Trans. cited was 
not published until three months afterwards—or, more exactly, on 
Monday, May 16, 1859,—it is plain that the facts of the case 
have been inverted in the pages of the Philosophical Magazine. 
This point is of the more importance, as Sir Charles Lyell 
immediately proceeds to say, at the end of his first, and begin- 
ning of his second paragraph, that in the ‘Report’ so printed 
by the Admiralty, 7. e., according to him, subsequently to 
May 16, 1859, a “chapter on geology and ‘volcanic theories’ 
is introduced,” “ which did not form part of the original Report 
as published by the Royal Society in the Philosophical Transac- 
tions for 1858.” In answer to which it may be enough to state 
that the “original Report” was presented by the Admiralty, 
through the Astronomer Royal, to the Royal Society nearly zwo 
years earlier than_the date indicated, or on June 2, 1857, and 
contained a chapter on “ Geology ;” also, that all the chapters 
were revised on going through the press. 
I have the honour to be, Gentlemen, 
Your obedient Servant, 
C. Prazzi Smytn. 


XXIV. Chemical Notices from Foreign Journals, By Hi. ArK1n- 
son, Ph.D., F.C.S., Teacher of Physical Science in Cheltenham 
College. 

[Continued from vol. xvii. p. 430.] 


peda * hasinvestigated nitrophenicacid, C!*H*(NO*)O? 

(nitrophenole). It is obtained by distilling a mixture of 2 
parts of pure hydrate of phenyle, 100 parts of water, and 3 parts of 
strong nitric acid. The nitrophenic acid passes over in the form 
of oily drops, which crystallize on cooling; subsequently an 
aqueous solution distils over, which, when cooled to 0°, also de- 
posits crystals. The ‘acid, when purified by redistillation and 
crystallization from alcohol, is of a pale yellow colour with an 
aromatic odour. It melts at 45° and boils at 214°, It is readily 
soluble in alcohol, ether, and benzole. 

The nitrophenates, C!? H* (NO*) M 0%, are of a scarlet-red or 
orange colour, according to the quantity of water of crystalliza- 
tion which they contain. 

The residue remaining in the retort from the preparation of 
nitrophenic acid contains a new acid isomeric with nitrophenic 
acid, and to which Fritzsche gives the name isonitrophenic acid. 
This is easily obtained by slightly modifying the above propor- 


* Bulletin de St. Pétersburg, vol. xvi. p. 11. Liebig’s Annalen, May 
1859, 
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tions, and proceeding as in the preparation of nitrophenic acid. 
When about half the liquid is distilled off, the residue in the 
retort is filtered while hot; on cooling, drops of the new acid 
are deposited. A resinous mass remaining on the sides of the 
retort is exhausted with boiling water, the filtered aqueous solu- 
tion mixed with excess of caustic soda, by which a yellow cry- 
stalline precipitate of isonitrophenate of soda is obtained. The 
acid is obtained by dissolving the purified soda salt in warm 
water and adding hydrochloric acid. On cooling, the liquid 
becomes turbid, and then filled with a mass of fine needles. 
These needles are quite colourless: they are very soluble in 
ether, and are obtained on evaporation from an etherial solution 
in large crystals with a fatty aspect and a reddish-yellow colour. 
These appear to constitute a dimorphous modification of the 
colourless needles. On evaporating the aqueous solution of the 
coloured crystals, the colourless needles are again obtained. 
The needles again become coloured by the action of light. 
Isonitrophenic acid fuses at 110°, under water it fuses at 40° 
or 50°. It volatilizes partially below its fusing-point. It forms 
acid and neutral salts, but must be regarded as a monobasic 
acid, for it only forms one kind of ether. Isonitrophenic ether 
crystallizes in colourless prisms very soluble in ether, 


Some further derivatives of phenylic alcohol have been de- 
scribed by Griess*. 

Dinitrochlorophenylic acid, C'* H? (NO*)? ClO?.—Chlorine is 
passed for some time into phenylic alcohol; the resultant chlori- 
nated product is mixed gradually with three times its bulk of 
strong nitric acid: the action begins in the cold, and is accom- 
panied by disengagement of red fumes, and of an odowr resem- 
bling chloropicrine. When the action is over, the oil is washed 
to remove oxalic acid, and then treated with aqueous ammonia, 
by which it solidifies to a mass of crystals consisting of dinitro- 
phenylate of ammonia. The free acid is obtained by treating a 
boiling solution of this salt, purified by frequent recrystallization, 
with nitric acid, by which the acid is set free in beautiful golden- 
yellow laminz. It is more soluble in alcohol and ether than in 
water. It dissolves in strong sulphuric, hydrochloric, and nitric 
acids, and is separated by the addition of water. 

_ The dinitrochlorophenylates are distinguished by the great 
beauty of their crystals: they all dissolve with difficulty in water, 
and are deposited from a hot aqueous solution, on cooling, in 
reddish or yellowish crystals. Duinitrochlorophenylate of silver, 
AgO, C!? H? Cl] (NO*)?0, when erystallized from water, is ob- 


* Liebig’s Annalen, March 1859. 
Phil, Mag. 8. 4. Vol. 18. No. 118. Aug. 1859. K 
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tained in beautiful carmine-red laminz with a green lustre, and 
which appear under the microscope in acute rhombic columns. 

Amidonitrochlorophenylic Acid, C'* H* C] NH? (NO*) O?, — 
When dinitrochlorophenylic acid is digested with sulphide of 
ammonium, the solution assumes a blood-red colour, and sulphur 
is deposited. On evaporating the filtrate and adding acetic acid, 
this acid is obtained. It is not very soluble even in hot water, 
and crystallizes out on cooling in yellow silky needles. 

By passing a current of nitrous acid through a solution of this 
acid, it is transformed into a new acid, which the author names 
diazonitrochlorophenylic acid, 

C!? H8 Cl (NH?)(NO*) 0? + NO?=C!* H?CIN?(NO*)0?+3 HO. 
Spada ree FORNEY Ye Dipcontjrorlorpphensa 
acid. acid. 


The author views this acid as being derived from nitrochloro- 
phenylic acid, C!* H* Cl (NO*) O?, by the substitution of two 
atoms of hydrogen by two atoms of nitrogen. 


In an investigation of the creosote from coal-tar oil, Fairlie 
established the existence of a new alcohol, C'4 H® 0, hydrated 
oxide of cresyle, homologous with hydrated oxide of phenyle, 
Duclos* has confirmed the existence of this alcohol in coal-tar 
creosote, and has further found that it is contained in wood-tar 
creosote. The crude wood-tar was rectified, and the distillate 
between 150° and 220° C. collected. By treating this with solu- 
tion of soda the neutral oils were removed, and the soda solution 
was decomposed with sulphuric acid. This treatment was re- 
peated until the product was quite soluble insoda. It was then 
washed with water, dried over chloride of calcium, and fraction- 
ally distilled, by which a fraction boiling at 187° consisting of 
phenylic alcohol, and one boiling at 203° consisting of cresylic 
alcohol, were obtained. 

In his description of the properties of cresylic alcohol, Duclos 
confirms the statements of Fairliet, but observes, contrary to 
what had been stated by Gerhardt, that cresylic alcohol is about 
as soluble in ammonia as phenylic alcohol. 

Potassium liberates hydrogen from eresylic alcohol, and forms 
a deliquescent crystalline mass consisting of fine needles. Cre- 
sylic alcohol dissolves in sulphuric acid with a reddish-brown 
colour and formation of sulphocresylic acid, the lead and baryta 
salts of which do not crystallize. 

Mononitrocresylic Acid, CH’ (NO*) O?, is obtained by the 
cautious addition of very dilute nitric acid to an aqueous solu- 
tion of cresylic alcohol. It is a yellowish-brown liquid of a 


* Liebig’s Annalen, February 1859. T Ibid. 
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syrupy consistence, is inodorous, and colours the skin yellow. It 
appears to combine with ammonia and potash. 

Dinitrocresylic Acid, C'4 H® (NO*)? 0%, is best obtained by 
warming an aqueous solution of sulphocresylic acid with a little 
nitric acid and then allowing the mixture to cool. A resinous 
body separates, which is filtered off, and the filtrate then heated 
to boiling, and dilute nitric acid added. An oil separates which 
has the above composition, and in its properties resembles the 
mononitrated compound. 

Trinitrocresylic Acid, C\* H® (NO*)3 O?.—This is obtained by 
heating a solution of sulphocresylic acid with nitric acid. The 
resinous body which at first separates is filtered off, and the 
filtrate evaporated with excess of nitric acid to dryness: the 
binitro-compound at first formed is changed into trinitrocresylic - 
acid, which along with oxalic acid is contained in the residual 
mass. 

Trinitrocresylic acid crystallizes from alcohol in fine orange- 
yellow needles. It dissolves in 450 parts of water at 20°: picric 
acid dissolves in 80 parts at the same temperature. Heated to 
above 100° it melts to an oil, which solidifies, on cooling, to a 
crystalline mass. Treated with hypochlorite of lime, the odour 
of chloropicrine is obtained. Trinitrocresylate of potash consists 
of fine yellow needles, very soluble in water, and which detonate 
strongly when heated. 


The study of the reduction of organic nitro-compounds has 
hitherto been limited to that of the action of sulphide of 
ammonium, of sulphite of ammonia, of acetate of iron, and of 
nascent hydrogen. Hlasiwetz* has examined the reducing action 
of cyanogen on picrate of potash; andthe curious results he has 
obtained promise for this agent a more extended use. 

When hot concentrated solutions of cyanide of potassium and 
of picric acid are mixed, the solution immediately assumes a 
blood-red colour, becomes filled with fine dark crystals, and, on 
cooling, solidifies toa mass of crystals. The mass smells strongly 
of ammonia and of hydrocyanic acid: it is expressed between 
bibulous paper, subsequently washed with a small quantity 
of cold water, again pressed, and then dissolved in hot water 
and filtered. The purple-coloured filtrate soon deposits brownish- 
red laminar crystals with a green lustre. These form the potash 
salt of a new acid, which the author names isopurpuric acid. The 
potash salt is but little soluble in cold, but readily so in hot 
water. The solution has a most intense purple colour. Heated 
on platinum, the salt detonates. Its solution precipitates the 


* Liebig’s Annalen, June 1859. 
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salts of silver, lead, mercury, and baryta, but not those of lime, 
strontia, zinc, and copper. 

The composition of the potash salt is C!’H*K N°O!; and 
from two nitrogen determinations made by means of soda-lime, 
it appeared that 2 equivs. of nitrogen were contained in a form 
other than that of NO*, Cyanogen could not be detected. 

The soda salt is obtained by treating picric acid with cyanide 
of sodium. It is more soluble than the potash salt, and is of a 
dark green colour with metallic lustre. 

The ammonia salt, C!® H4 (NH*) N° O!, forms beautiful 
wedge-shaped crystals of a brownish-red colour and green lustre. 
The baryta salt, formed by adding the potash salt to a solution 
of chloride of barium, is a vermilion-red precipitate, which when 
dried possesses a splendid light-green metallic lustre, and when 
rubbed becomes red again. The lime salt, C!®H*CaN°O!? +3 HO, 
formed by adding solution of chloride of calcium to a solution of 
the ammonia salt, forms very beautiful green needles, often half an 
inch long, and with a metallic lustre. The lead salt, when ery- 
stallized from hot water, in which it is somewhat soluble, appears 
under the microscope in the form of very fine reddish-brown 
needles, possessing a green lustre. 

It was not possible to obtain the free acid. When the potash 
salt was decomposed by means of a stronger acid, further decom- 
position was set up. For this reason it is not possible to dye 
with solutions of the salts, beautiful as they are; for without 
mordants, the colours on cloth are neither beautiful nor perma- 
nent, and on mordanted cloths decomposition is soon induced. 

- The salts of this acid are isomeric with those of purpuric acid 
(which is also unknown in the free state) obtained from uric 
acid; on this account it has been named isopurpuric acid. Like 
purpuric acid, isopurpuric acid appears to be bibasic. The 
salts of the two acids present great similarity, both as respects 
colour of the solutions, solubility, and deportment when heated. 

The optical relations of the isopurpurates were examined by 
Grailich. Isopurpurate of ammonia and murexide (which are 
isomeric) are perfectly similar in their optical and crystallogra- 
phical deportment. They appear to belong to the rhombic system. 

The formation of isopurpuric acid may be expressed by the 
following equation :— 

C!? H3 (NO*)80? 4+ 3C?NH +2 HO=C'* H°N°O!?+C?044 NHS, 

Picric acid. Hydrocyanic Isopurpuric 

acid. acid. 
Free picric acid is not altered either in the cold or in the warm 
by hydrocyanic acid; but the reaction is immediately set up in 
the presence of a base. 

In reference to the rational constitution of isopurpuric acid, it 


M, Nachbaur on a New Base. 133 


may be observed that it differs from picramic acid (which is also 
produced by the action of reducing agents on picric acid) by 
the elements of cyanic acid, 

C!2 H5 N3 0104 C4 N202=Cl6 NS FS OL. 


Picramic acid Tsopurpuric acid. 


But picramic acid could not be detected among the products of 
the decomposition of isopurpuric acid. 


Geisse* has found that chloropicrine, C? Cl’ NO4, when sub- 
mitted to the reducing action of acetate of iron, or of protosul- 
phate of iron, is converted into methylamine. The action is in 
accordance with the equation 

He 


CCP NO'+12H=NJ © ye +3HCl+ 4HO. 


Chloropicrine. Methylamine. 


By distilling acetate of lime with prussian blue or with cya- 
nide of mercury, Bonnet obtained a product consisting of water, 
and a colourless, neutral, uninflammable liquid, with an odour 
resembling both prussic acid and tobacco smoke. This substance 
he stated to be cyanoform, C? H Cy, analogous with chloroform, 
iodoform, &c. 

Nachbaur} has investigated this reaction, and has found that 
Bonnet’s statements are erroneous. The crude product obtained 
by the distillation is a complicated mixture, containing acetoni- 
trile, acetone, and hydrocyanic aeid, and besides this a new and 
peculiar volatile base. To obtain the latter, the crude product 
is rectified in the water-bath—about one-half passes over between 
77° and 80°; the receiver is now changed, and the distillate 
tested from time to time with sulphuric acid; and as soon as 
this produces a crystalline precipitate, the receiver is again 
changed. The distillate now contains the volatile base. It 
is an alkaline and colourless liquid which becomes gradually 
yellow. Its odour is unpleasant, and resembles propylamine, 
Heated for some time with water it is decomposed, with forma- 
tion of hydrocyanic acid. It gives a precipitate with chloride of 
platinum. The base could not be obtained pure. Its composi- 
tion was deduced from that of its salts, which are with diffi- 
culty obtained pure from their ready decomposability. 

The oxalate consists of brilliant white crystalline needles. The 
sulphate is also crystalline. The base forms with iodide of mer- 
cury a beautiful compound, crystallizing in lustrous lamine. 

The composition of the base, as deduced from its salts, is 


* Liebig’s Annalen, March 1859. T Ibid. June 1859, 
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C'© H® N4, and it doubtless contains C* and N* in the form of 
cyanogen. Nachbaur views it as being analogous in composition 
with Hofmann’s cyaniline, which is also distinguished by its 
instability. 


A new mode of the formation of chloride of benzoyle has been 
observed by Beketoff*, who, however, does not state whether it 
is advantageous in a practical point of view. 

When a mixture of chloride of sodium and anhydrous acid 
sulphate of soda acts upon benzoate of soda at about 200° C., 
hydrochloric acid and chloride of benzoyle are set free. The 
latter remains diffused in the mass, but may be extracted by 
means of ether. The action is as follows :— 


ay) aa F Q +8034 Na? C?2=€? HO, Cl+Na?S04+ HCl. 


The sulphate of soda combined with the anhydrous acid serves 
to prevent the action of sulphuric acid on the benzoic acid, and 
formation of benzoesulphuric acid. 


In the preparation of creatine by Liebig’s process, there is 
obtained a syrupy mother-liquor which contains several sub- 
stances, among which are creatinine, imosinic acid, and lactic 
acid. Strecker+ has further discovered in it a substance pos- 
sessing feeble basic properties, which he names sarcine. It is 
obtained by adding to this mother-liquor a solution of acetate of 
copper, with which it forms a compound; this is then decom- 
posed by means of sulphuretted hydrogen. Sarcine is a erystal- 
line powder which can be heated to 150° without decomposition. 
It is somewhat soluble in boiling water, but dissolves with diffi- 
culty in cold water and in boiling alcohol. 

Its composition is C!° H* N40?; it has feeble basic properties ; 
it forms a crystalline compound with hydrochloric acid, which has 
the formula C!°H* N40?, HCl+2aq. This compound forms a 
double salt with bichloride of platinum. The nitrate and sul- 
phate of sarcine are crystalline bodies, but are decomposed by 
being crystallized from water. 

Sarcine also combines with bases and with salts. A compound 
with baryta has the formula C!° H* N40?+2Ba0+2aq. It 
also forms a compound with nitrate of silver, C'!° H*N*+0?, Ag NO®, 
and with oxide of silver, C!° H® Ag? N4 02+ aq. 

In its chemical relations sarcine has great similarity with gua- 
nine, a nitrogenous substance discovered in considerable quanti- 
ties in guano by Unger, the principal difference being in the 
action of nitric acid on the two substances. 


* Bulletin de la Société Chimique de Paris, January 11, 1859. 
+ Liebig’s Annalen, May 1857, October 1858. 
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Xanthine or xanthic oxide, a nitrogenous basic substance which 
was discovered by Marcet as a rare constituent in urinary caleuli, 
has considerable similarity with sarcine and with guanine. It 
contains the elements of uric acid and of sarcine, 

2010 H4 N404=GC! H4 N4 064 C0 H4 N42. 
Xanthine. Uric acid. Sarcine. 
But it was impossible to effect its formation by acting on urate 
of potash with hydrochlorate of sarcine. 


Sarcine has been declared by Scherer* to be identical with 
hypoxanthine, a substance which he discovered some time ago 
in the animal organism. The same chemist has found that xan- 
thine is a normal constituent of the human and animal organism. 

Between guanine and sarcine there exist similar relations to 
those which exist between glycocol and acetic acid, as is seen by 
the equations, 

C!0 H5 N5 02=C! H4 N402+4NH. 
Guanine. Sarcine. 

nen = Cont UO - Na 
Glycocol. Acetic acid. 


Strecker}, im the expectation of being able to transform gua- 
nine into sarcine, tried some experiments on a nitrogenous deri- 
vative of guanine. This substance was first obtained by Neu- 
bauer and Kernert, by dissolving guanine in nitric acid and 
adding small fragments of nitrite of potash, which dissolves with 
a lively disengagement of gas, but without formation of binoxide 
of nitrogen. When red vapours appear, the liquor is added to a 
large quantity of water, by which orange-yellow flakes are pre- 
cipitated. These are washed, and then crystallized from boiling 
water. The substance did not give very accordant results to 
rig ee ; and it was impossible to decide whether its formula was 


Gd Noe bNS 0 or orf No: tN OF. 


Strecker dissolved this nitro-compound in potash, and then 
added ferrous sulphate and boiled the liquor. A black precipi- 
tate of ferroso-ferric oxide was formed, which was filtered off; 
and the colourless filtrate, treated with acetic acid, gave a floc- 
culent precipitate, which was collected and washed with cold 
water. It was neither guanine nor sarcine, but was found to be 
identical in its properties and composition with Marcet’s xanthic 
oxide. It is a white or yellowish powder, soluble in 723 parts 
of boiling, and in 1950 of cold water. Its potash solution, ex- 
posed for some time to the air, deposited crystalline plates, which 


* Liebig’s Annalen, March 1858. + Ibid, November 1858. 
{ Ibid, vol. ci. p. 318. 
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eave on analysis the composition C!° H4 N4 04, which is that of 
xanthic oxide. 

Neglecting the intermediate nitrogenous products, the trans- 
formation of guanine into xanthine may be thus represented :— 
C!° H® N° 024 08 =C" H4 N4 01+ HO+N. 

Guanine. Xanthine. 
Xanthine does not lose weight when heated even to 100° or 150°. 
Its solution gives precipitates with corrosive sublimate, with 
acetate of copper, and with nitrate of silver. Its ammoniacal 
solution gives precipitates with an ammoniacal solution of chlo- 
ride of zinc or of chloride of cadmium. 

Its basic properties are even less strongly pronounced than 
those of guanine or of sarcine. Strecker further found that 
xanthine is contained in small quantities as a normal constituent 
of urine. It may be separated by taking advantage of its pro- 
perty of forming a precipitate with acetate of copper or nitrate 
of silver. 
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February 3, 1859.—Sir Benjamin C. Brodie, Bart., President, in 
the Chair. 


fe following communications were read :— 

«On the Aquiferous and Oviductal Systems in the Lamelli- 
branchiate Mollusks.”? By George Rolleston, M.D., Lee’s Reader 
in Anatomy, and Charles Robertson, Esq., Curator of the Museum, 
Christ Church, Oxford. 


‘Qn the Action of Nitric Acid and of Binoxide of Manganese and 
Sulphuric Acid on the Organic Bases.” By A. Matthiessen, Ph.D. 

In the Proceedings of the Royal Society (vol. ix. p. 118), I stated 
that by the action of nitrous acid on aniline I had obtained ammonia 
and nitrophenasic acid ; since then I have acted on several other of 
the organic bases with the same reagent, as well as with nitric acid, 
and with binoxide of manganese and sulphuric acid ; and I will now 
shortly enumerate the experiments. 


1. Action of Nitrous Acid on Amylaniline. 


The dilute solution of the nitrate of amylaniline was acted on by 
nitrous acid at 100° C. for 12 hours. Amylaniline and ammonia 
were obtained, but in quantities too small to be quantitatively 
determined. 


2. Action of Nitrie Acid on Amylaniline. 
Amylaniline was boiled with dilute nitric acid (1 part acid to 2 of 
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water) until the reaction began, which was immediately stopped by 
adding cold water to the solution. This was filtered when cold 
from the nitrophenasic acid, and after potash had been added, it 
was again filtered to separate any undecomposed amylaniline. ‘The 
filtrate was distilled, the distillate redistilled per ascensum into 
hydrochloric acid, and the acid solution evaporated to dryness. 
The residue was then extracted with absolute alcohol, and the fil- 
trate evaporated to dryness. This operation was repeated four or 
five times. A platinum-salt* made with the chloride, which was 
soluble in absolute alcohol, gave 33°55 per cent. platinum. The 
chloroplatinate of amylamine requires 33°66 per cent. The plati- 
num-salt of that chloride which was insoluble in absolute alcohol 
gaye 43°9 per cent. platinum. The chloroplatinate of ammonia 
requires 442 per cent. 

The above reaction may be explained as follows :— 
Cs a, C,, iz? 
C,,H,,>N+H,0,+NO,HO0= H ;/N+C,,0,0,+NO, HO 

H i 


and 
OA i. H 
H $N+H,0,4+NO, HO=H }N+C,,H,,0,+NO, HO. 
H H 


The free nitric acid present converts the phenylic alcohol into 
nitrophenasic acid, and the amylic alcohol into nitrite of amyle. 


3. Action of Nitric Acid on Ethylaniline. 


Ethylaniline was treated in the same manner as amylaniline. The 
platinum-salt of the chloride which was soluble in absolute alcohol 
gave in two experiments 39°6 and 39°5 per cent. platinum, The 
percentage of platinum in chloroplatinate of ethylamine is 39-3, 

The platinum-salt of the chloride which was insoluble in abso- 
lute aleohol gave 44 per cent. platinum, which agrees with the 
number required for the chloroplatinate of ammonia. 


4. Action of Nitric Acid on Diethylaniline. 


Diethylaniline was treated with dilute nitric acid (1 part of acid to 
4 of water), and heated till the temperature reached 54° C., when, 
on being left to itself, it soon became turbid, and the temperature 
rose about 10°C. After a while the solution cleared itself again, 
but remained very dark. When quite cold, it was filtered from the 
nitrophenasic acid, and the’ filtrate was treated in the same manner 
as described in Experiment 2. The solution of the chlorides (5-6 
grms. were obtained from about 50 of diethylaniline), which were 
soluble in absolute alcohol, was partially precipitated with bichloride 
of platinum (precipitate No. 1); then another portion was precipi- 
tated, which was not used; after this, more bichloride was added 
(precipitate No. 2); and lastly, an excess of bichloride was added 


* All the platinum-salts determined were recrystallized in water. 
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(precipitate No. 3). The platinum found in the three precipitates 
was 
No. 1. No. 2. No. 3. 


39°2 per cent. 35°5 per cent. 35°4 per cent. 


The chloroplatinate of ethylamine contains 39°3 per cent., and of 
diethylamine 35-3 per cent. platinum. A platinum-salt made with 
chloride insoluble in absolute alcohol, gave 44°2 per cent. platinum, 
which is exactly the amount contained in the chloroplatinate of 
ammonia. 

The reaction was as follows :— 


C,H, C, H, 
C, H: N+H,0,+NO, HO=C, H,}N+C,,H,0,+NO, HO; 
C, H; H 
©. a: C, H, 
C, H, LN +,0,4NO, HO= H [xe H, O,+NO0, HO; 
H 
and 
C, H, H 
H | N+H,0,4+ NO, HO=H | N+C, H, 0,4 NO, HO. 
H H 


As in the case of amylaniline, the phenylic aleohol and the alcohol 
are converted into nitrophenasic acid and nitrite of ethyle; the am- 
monia being in both cases partially oxidized. 


5. Action of Binoxide of Manganese and Sulphurie Acid on Aniline. 

Aniline was dissolved in an excess of dilute sulphuric acid (1 part 
of acid to 6 of water) and heated to boiling, when a small quantity 
of binoxide of manganese was added. The reaction was allowed to 
continue for 3 or 4 minutes, and it was stopped by cooling the flask 
in water. Potash was then added, and the solution filtered. The 
filtrate was distilled as described in experiment 2, and the distillate 
evaporated to dryness with hydrochloric acid, and extracted with ab- 
solute alcohol, to dissolve any chloride of aniline present. A plati- 
num-salt made from the chloride, insoluble in absolute aleohol, gave 
44:0 per cent. platinum, which corresponds to the platinum in the 
chloroplatinate of ammonia. 


6. Action of Binoxide of Manganese and Sulphuric Acid on 
Diethylaniline. 

Diethylaniline was treated in the same manner as aniline, but only 
for about one minute. Potash was added, &c., as in the foregoing 
experiment. The platinum-salt partially precipitated, as in Ex- 
periment 4, from the chloride soluble in absolute aleohol, gave :— 

Precipitate No. 1. Precipitate No. 2. 
37°6 per cent. 35°4 per cent. platinum. 

No. 1 appears to be only a mixture of the chloroplatinates of 
ethylamine and diethylamine ; the quantity of salt first precipitated 
being too small to be properly recrystallized (on account of former 
experiments showing that the quantity of ethylamine present was 
yery small), No. 2 corresponds with diethylamine, and of this sali 
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there was a large quantity, so that it was recrystallized twice. A 
platinum-salt made from the chloride insoluble in absolute alcohol 
(of which there was only a very small quantity), gave 44:3 per 
cent. platinum, which is almost the same as the amount in chloro- 
platinate of ammonia. No phenylic alcohol was found nor any of 
its compounds ; and according to an experiment of Long (not yet 
published), on the oxidation of phenylic alcohol, that chemist always, 
excepting when he used spongy platinum, obtained a resinous mass. 

From the above experiments, it appears that by the action of 
nitrous acid, nitric acid, binoxide of manganese and sulphuric acid, 
permanganate of potash*, potash+, and in some cases by the pre- 
sence of acids alone (as sulphuric or hydrochloric) {, on the organic 
bases in the presence of water, water only is decomposed in the 
first stage of the reaction; and the fact that the radicals contained 
in the bases are replaced by hydrogen by degrees, makes it plausible 
that by these means we may be able to determine the constitution of 
the natural organic bases. 

I am now experimenting with narcotine, and to all appearance, I 
shall succeed in determining its constitution. 

In conclusion, I may here be allowed to thank Dr. Holzmann for 
his assistance in carrying out the above experiments. 


February 10.—Sir Benjamin C. Brodie, Bart., President, in the Chair. 


The following communication was read :— 

“Experiments on the Action of Food upon the Respiration.” By 
Edward Smith, M.D., LL.B., L.R.C.P. 

The author had proved in his former Paper that the maximum 
influence of food is observed within two and a half hours after its 
exhibition ; also that the action of food is in two degrees; viz. that 
which sustains the respiratory changes to the minimum line (or 
that which occurs with complete abstinence), and that which is 
observed as the maximum point to which the respiratory function 
is increased after ordinary meals. His aim in this communication 
was to show the variations in the influence of food between these 
two lines. His method of inquiry was to take a moderate quan- 
tity of a single article of food alone, before breakfast, whilst the 
body was at rest and in the sitting posture, and to determine the 
‘influence every ten or fifteen minutes during a period of about 
two hours. He noted the amount of carbonic acid exhaled and 
of air inhaled, with the rate of respiration and pulsation, and also 
the temperature and the barometric pressure of the atmosphere. 
The apparatus employed was that described in his former Paper, 
and the gentlemen who submitted themselves to the investigation 
were chiefly the author and Mr. Moul, with Professor Frankland, 
Mr. Hofmann, and Mr. Reid, who engaged in a few experiments. 

The following foods were subjected to inquiry :— 

1. The starch series, viz. arrowroot, arrowroot and butter, arrow- 


* By its actionon aniline, ammonia is obtained. +t In its action on the amides, 
t In the case of asparagine, benzamide, &c. 
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root and sugar, commercial starch, wheat starch, gluten, bread, oat- 
meal, rice, rice and butter, potato. 

2. The fat series, viz. butter, olive oil, cod-liver oil. 

3. Sugars, viz. cane-sugar, cane-sugar and butter, cane-sugar with 
acids and alkalies, grape-sugar, sugar of milk. 

4. The milk series (cows’ milk), viz. new milk, skimmed milk, 
caseine, caseine and lactic acid, lactic acid, sugar of milk and lactic 
acid, cream. 

5. Alcohols, viz. alcohol, brandy, whisky, gin, rum, sherry wine, 
port wine, stout, and ale. 

6. The tea series, viz. tea, green and black, hot and cold, in 
various quantities, and with acids and alkalies ; coffee, coffee-leaves, 
chichory, and cocoa. 

7. Some other nitrogenous substances, viz. gelatine, albumen, 
fibrine, almond-emulsion. 

The author found that pure starch scarcely increased the amount 
of carbonic acid evolved, but the combination of starch with gluten 
and sugar in the cereals caused an increase of about 2 grains per 
minute. Wheat flour, oatmeal, and rice had similar effects, but 
potato had a less enduring influence. 

Fats lessened the amount of carbonic acid evolved, and when taken 
with starch, the cereals, or sugar, somewhat lessened their power to 
produce carbonic acid. Fats increased pulsation. 

Sugars increased the carbonic acid evolved to the maximum extent 
of from 14 to 23 grains per minute in about half an hour. Cane- 
sugar was more powerful than milk-sugar, and still more so than 
grape-sugar. Acids increased the maximum influence of sugar. 

Milk increased both the pulsation and the carbonic acid, and the 
latter to a maximum of nearly 2 grains per minute. All the com- 
ponent elements except lactic acid had a similar influence, but new 
milk was much more powerful than any of its elements separately, 
or than any artificial combination of its elements. The effect of 
milk differed in degree, and of caseine in direction, upon the author 
and Mr. Moul. 

Tea and coffee increased the production of carbonic acid to the 
extent of from 14 to 3 grains per minute. Tea was more powerful 
than coffee, and coffee than chichory. Cocoa was as powerful as 
coffee. Coffee-leaves lessened the amount of carbonic acid. Acids 
added to tea rendered it more stimulating, and alkalies made it more 
soothing. 

Alcohols differed in their effect, according both to different kinds 
and samples of the same kind. Spirits of wine always increased the 
quantity of carbonic acid evolved to a maximum of less than J grain 
per minute. Rum commonly increased it, and sometimes to 13 grain 
per minute. Ale and stout increased it to upwards of 1 grain per 
minute. Sherry wine (3 oz.) commonly slightly increased it. Brandy 
and gin, and particularly the latter, always decreased it. Whisky 
varied in its effects. The inhalation of the volatile elements of wine 
and spirits, and particularly of fine old port wine, lessened the quan- 
tity of carbonic acid, and increased the amount of vapour exhaled. 
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Gluten, caseine, gelatine, albumen, and fibrine increased the amount 
of carbonic acid exhaled, the two former to about 1 grain per minute, 
and the last to about 3 grain per minute. Almond-emulsion did 
not increase it. 

From these facts the author infers that there is a class of foods 
which might be called “ excito-respiratory ;”’ a class which embraces 
nearly all nitrogenous foods, and is almost entirely composed of these 
substances. 

The xon-excitants are starch, fat, some alcohols, and coffee-leaves. 

The respiratory excitants are sugar, milk, the cereals, potato, tea, 
coffee, chichory, cocoa, alcohol, rum, ales, some wines, gluten, caseine, 
gelatin, fibrin, and albumen. 

Of the hydrocarbons, sugar acted very differently from starch and 
fat. 

All the “respiratory excitants”’ increased the depth, but not the 
rate of respiration. 

Some of them acted with great rapidity ; as, for example, sugar 
and tea, which sometimes caused an increase of | grain of carbonic 
acid per minute in from five to eight minutes. Others, as gluten 
and caseine, acted with less rapidity. In many, as tea and gluten, 
there was not a proportionate increase in the carbonic acid with in- 
crease in the quantity of the “excitant.’’ Some of them, as tea, 
produced much greater effect when a small dose was frequently 
repeated, than when the whole quantity was given at once, and 
caused a much greater evolution of carbon than they supplied. The 
duration of the increase was very different with different foods, but 
that with sugar was the least, and then that with tea, while that 
with the cereals and rum and milk was the greatest. The amount 
of carbonic acid progressively increased at each examination until 
the maximum was attained; after which it remained nearly sta- 
tionary for some time, as with the cereals, or subsided rapidly to the 
basis quantity, as with sugar. 


February 17.—Sir Benjamin C. Brodie, Bart., President, in the Chair. 


The following communications were read :-— 

“ Statement of Facts relating to the Discovery of the Composition 
of Water by the Hon. H. Cavendish.” In a Letter from J. J. Ben- 
nett, Esq., F.R.S., to Sir B. C. Brodie, Bart., P.R.S., dated February 
12, 1859. 

Since the death of our late excellent and lamented friend Mr. 
Robert Brown, several appeals have been made to his executors to 
publish certain evidence presumed to have been in his possession 
relating to the much-agitated question of the priority of Cavendish 
or Watt in the discovery of the composition of water. As the execu- 
tor to whom Mr. Brown entrusted his papers, and having been for 
many years honoured with his entire confidence, I feel called upon 
to respond to these appeals, and I therefore request that you will 
kindly lay before a Meeting of the Royal Society the following brief 
statement on the subject. 

The date and nature of Cavendish’s communication to Priestley 
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have always been considered as essential elements in the determina- 
tion of the question; and it was the evidence which Mr. Brown 
possessed in regard to these particulars, which, in his estimation, 
«placed Cavendish’s claims as the discoverer of the composition of 
water beyond dispute.” That evidence, however, was not derived 
from any unpublished document, but formed part of a section of 
Deluc’s “Idées sur ia Météorologie,’’ which although especially 
entitled,—* Anecdotes relatives a la découverte de ( Kau sous la 
forme d@ Air,’ —appears entirely to have escaped the notice of those 
who have advocated Cavendish’s claims. It is the more conclusive 
as coming from Deluc, the “ami zélé,” as he justly terms himself, 
of Watt, and who, in relation to this question, believed himself “4 
portée d’en connoitre toutes les circonstances.” 

The testimony of Deluc is as follows :— 

Vers la fin de l'année 1782 j’allai A Birmingham, ov le Dr. Priest~ 
ley s’étoit établi depuis quelques années. I] me communiqua alors, 
que M. Cavendish, d’aprés une remarque de M. Warltire ; qui avoit 
toujours trouvé de /eau dans les vases ot il avoit bralé un mélange 
@ air inflammable et d’ air atmosphérique ; s étoit appliqué 4 décou- 
vrir la source de cette eau, et qu'il avoit trouvé, ‘“ qu’un mélange 
@ air inflammable et d’ air déphlogistiqué en proportion convenable, 
étant allumé par l’étincelle électrique, se convertissoit tout entier en 
eau.” Je fus frappé au plus haut degré de cette découverte*. 

The italics and inverted commas are Deluc’s own. 

In this communication made by Cavendish to Priestley the theory 
of the composition of water is clearly indicated. The two gases 
(known to have been hydrogen and oxygen) were mixed together in 
due proportion, and by means of,the electric spark were entirely 
converted into water. Referring to one of Cavendish’s experiments, 
as recorded in his journal, Lord Jeffrey, the most candid and 
judicious of Watt’s advocates, has said: “ if he [Cavendish] had 
even stated in the detail of it, that the airs were converted, or 
changed, or turned into water, it would probably have been enough 
to have secured to him the credit of this discovery, as well as to 
have given the scientific world the benefit of it, m the event of 
his death, before he could prevail on his modesty to claim it in 
public +.” The evidence which this distinguished critic and judge 
regarded as sufficient to establish Cavendish’s claim is now afforded, 
not by a note in his private journal, but by the testimony of the 
zealous friend of Watt, who states that it was communicated to 
Priestley towards the end of the year 1782, that is to say, several 
months before Watt drew his own conclusions from Priestley’s 
bungling repetition of Cavendish’s experiments. It was, moreover, 
published to the world, and suffered to remain uncontradicted, while 
all the parties were alive and in frequent intercourse with the author 
and with each other. 

I have only further, in Mr. Brown’s name also, to do an act of 
justice to the memory of Lavoisier, by relieving it from the obloquy 


* Tdées sur la Météorologie, tome ii. 1787, pp. 206-7. 
+ Edinburgh Review, vol. Ixxxvii. p. 125. 
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which has rested upon it from his supposed persistence in unjustly 
claiming priority for himself. The following extract from a Report 
to the Academy of Sciences on M. Seguin’s experiments, dated 
28th August 1790, and signed Lavoisier, Brisson, Meusnier, and 
Laplace, the last named being the reporter, will prove that Lavoisier 
was not unmindful of the appeal which had been addressed to him 
by Blagden some years previously, and that he distinctly resigned 
the priority of discovery to Cavendish :-— 

«°M. Macquer a observé dans son Dictionnaire de Chimie que la 
combustion des gaz hydrogéne et oxygtne produit une quantité 
d’eau sensible; mais il n’a pas connu toute importance de cette 
observation, qu’il se contenta de présenter, sans en tirer aucune con- 
séquence. M. Cavendish paroit avoir remarqué le premier que l’eau 
produite dans cette combustion est le résultat de la combinaison des 
deux gaz, et qu'elle est d’un poids égal au leur. Plusieurs ex- 
périences faites en grand et d’une manitre trés-précise, par MM, 
Lavoisier, La Place, Monge, Meusnier, et par M. Lefevre de 
Gineau, ont confirmé cette découverte importante, sur laquelle il ne 
doit maintenant rester aucun doute.””—Annales de Chimie, tome 7, 


pp. 258-9. Joun J. BENNETT. 


“On the Influence of White Light, of the different Coloured Rays 
and of Darkness, on the Development, Growth, and Nutrition of 
Animals.’ By Horace Dobell, M.D. 

In this communication the author laid before the Society the par- 
ticulars of a series of experiments, having for their object to discover 
what influence is exerted by ordinary light, by the different coloured 
rays, and by darkness on the development, growth, and nutrition of 
animals, 

After referring to the experiments of Edwards, Higginbottom, 
E. Forbes, Morren, Wohler, Hannon, Moleschott, and Béclard, the 
results of which were shown to be somewhat contradictory, the 
author described the precautions taken by himself to avoid sources 
of fallacy. 

The original experiments detailed in this Paper were conducted in 
the years 1855, 1856, 1857, 1858. The subjects selected were the 
Ova and Larve of the Silkworm (Boméyzx mori) and of the Frog (Rana 
temporaria). A comparative experiment in the vegetable kingdom 
was also made on the Sweet Pea (Lathyrus odoratus). An appa- 
ratus contrived for the experiments on Tadpoles was described and 
figured ; it secured the following desiderata :— 

1. That each of six compartments or cells should be supplied with 
water from the same source, at the same time, subject to the same 
changes, and capable of being refreshed without interfering with the 
cells. 

2. That each of the cells should be placed in the same condition 
with respect to the supply of air and of food. 

3. That during exposure for examination of the animals, the 
whole series should be opened the same length of time and to the 
same extent. 
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4, That each cell should receive no light but that transmitted by 
its proper cover. 

One of these six cells was open to the air and to light ; one was 
covered with ordinary white glass; one was made completely dark 
by a covering of blackened opaque glass; one was covered with blue, 
one with greenish yellow, and one with red glass. The transmit- 
ting and absorbing powers of these glasses were detailed from expe- 
riments made upon them by Mr. Cornelius Hanbury, jun., and by 
the author. 

The apparatus used for the Silkworms was, in all essential par- 
ticulars, the same as that for the Tadpoles, only without water. 

A tabulated analysis of the daily journal kept during the experi- 
ments was given, and its separate items compared and discussed ; 
after which the author concluded his Paperwith the following résumé. 

If we may venture to reason on so small a number of observa- 
tions, so far as the results of these experiments are concerned, the 
following propositions may be advanced. 

All other conditions being the same, (1.) The Ova of Insects 
are not directly influenced in their development by white light, by 
the different coloured rays, or by darkness. 

(2.) The Larve of Insects are not directly influenced in their 
development, growth, nutrition, or metamorphoses by white light, 
by the different coloured rays, or by darkness. 

(3.) The Larve of Batrachian Reptiles are not directly influenced 
in their development, growth, nutrition, or metamorphoses by white 
light, by the different coloured rays, or by darkness. 

(4.) The Materials necessary to the Colour of Insects and Rep- 
tiles are prepared equally under the influence of white light, of the 
different coloured rays, and of darkness. 

' These results are so opposed to preconceived ideas upon the sub- 
ject to which they relate, that they cannot fail to excite some surprise 
and incredulity ; when, however, they are carefully considered, they 
assume a theoretical probability, which assists us in believing that 
the practical results are without fallacy. 

(a.) With regard to the development of the ovum, when we con- 
sider the unity of plan which appears to preside over the germs of 
the simplest and of the most complicated forms, and the infinite 
variety of external conditions in which these germs are placed 
throughout the animal kingdom, we are led to the conclusion that 
their development must be so arranged as to be independent of the 
direct influence of light. 

(b.) That after emerging from the ovum the animal is not di- 
rectly influenced by light, is more difficult, at first, to believe, be- 
cause experience seems to have taught us that “to live without 
light is to live without health ;’? but this familiar fact may be at 
once disposed of in the argument and explained by its coincident, 
that, under ordinary circumstances, the admission of light is in- 
separably connected with, 

1, The regulation of external temperature. 
2. The free circulation of a respiratory medium. 
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3. Those processes of vegetable life and of inorganic change 
upon which the proper condition of the respiratory medium 
depends. 

Speaking generally then, it must be admitted that light is essential 
to the development, growth, and nutrition of animals, but only in- 
directly. In the foregoing experiments, the usual coincidents of 
light, a proper supply of food, a due aération of the respiratory 
medium, a properly regulated external temperature, &c. having 
been provided in each cell, the direct influence of light only being 
changed, no corresponding change occurred in the animal life. 

In the vegetable kingdom the case is quite different, and the ex- 
periments on Lathyrus odoratus recorded in this paper demonstrate 
again, what has been shown by numerous other experimenters, that 
light as a direct agent is essential to the nutritive processes of 
plants. An interesting exception occurs, however, in the vegetable 
kingdom, which serves to strengthen the probability that the con- 
clusions arrived at concerning animals are correct, viz. that fungi— 
which derive their nutriment, like animals, from organic compounds 
already prepared for them—perform their vital functions without 
dependence on the influence of light. 

Under the head of colour, it would seem that the familiar phe- 
nomenon of etiolation witnessed in plants which have been deprived 
of light, has led to erroneous anticipations as to the effect which 
alterations of light would produce upon the development of the 
colouring materials in animals. 

In the experiments here recorded, it is seen that neither white 
light, nor the different coloured rays, nor darkness altered the de- 
velopment of those materials necessary to the exhibition of colour, 
when the animal was seen in ordinary light. The experiments of 
Dr. Gladstone, on plants, also show that the development of colouring 
matter in the petals of flowers is independent of the influence of 
light ; that flowers raised under the different coloured rays and in 
darkness have the same colour in their petals as when raised in or- 
dinary light. Thus, even in vegetables, e¢iolation is confined to 
those parts of the plant which depend for their colour upon the 
condition of the chlorophyl, to the green appearance of which some 
portion of the solar beam is evidently essential. 

Although, therefore, at first sight, the results of my experiments 
under the head of colour may appear questionable, I think we must 
rather throw the question upon the correctness of our preconceived 
notions on the subject; and the facts elicited by Prof. Edward 
Forbes (referred to in the Paper), while retaining all their value and 
interest as assistants in determining the depths of primeval seas, 
cannot, I think, be taken as evidence against the correctness of my 
observations. On the other hand, the results of my experiments 
may be found to put a new construction upon the facts observed by 
Prof. Forbes. He discovered that increased depth of sea corre- 
sponds with diminished light, and that both of these conditions 
again correspond with peculiar changes in colour, and ultimately 
with loss of colour in the shells inhabiting these depths; but there 
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is no evidence to show that these colourless shells have deyeloped 
any materials capable of manifesting colour after exposure to the 
influence of light; whereas my own and other experiments show 
that the etiolated stalks and leaves of plants speedily manifest the 
characteristic colour of the chlorophy] if placed in the sun’s rays. 

So far, therefore, as our present knowledge on the subject justi- 
fies any conclusion, the varieties of colour and the absence of colour 
in the mollusks are physiologically separated from the phenomena of 
etiolation in plants, and may be placed in the same category as the 
varieties of colour and the absence of colour in the corollas of 
flowers, which depend upon the development of materials having 
certain optical properties. 

The beautiful facts observed by Prof. Forbes, instead of being 
regarded as the consequence of imperfect exposure to light, must, I 
think, take rank with the phenomena of coloration observed through- 
out the animal kingdom, such as the peculiar markings of reptiles, 
birds, and wild animals, according to their different habitats and 
modes of life ; the colours of the upper and lower surfaces of fish, 
and the like; which cannot be shown to depend upon the exposure 
or non-exposure to light with which they frequently, but not always, 
coincide. These facts appear only to form a part of the vast and 
perfect plan of creation, in which everything that exists is suited in 
eyery particular to the conditions of its existence; thus, those mol- 
lusks which are designed to inhabit depths scarcely permeable to 
light, can have no need, and hence haye no provision, for elements, to 
the manifestation of which light is an essential condition. 


‘*On the Intensification of Sound through Solid Bodies by the in- 
terposition of Water between them and the distal extremities of Hear- 
ing-Tubes.” By 8. Scott Alison, M.D., Assistant-Physician to the 
Hospital for Consumption. 

In this Paper the author gives an account of various experiments 
which he has recently made on sounds proceeding through solid 
bodies. He has found that sounds which are faint, when heard by 
a hearing-tube applied directly to solid sounding bodies, become 
augmented when water is interposed between these bodies and the 
distal extremity of the hearing-tube. He has been able, by the em- 
ployment of water, to hear the sound of a solid body, such as a 
table, which, without this medium, has been inaudible. Experi- 
ments haye been made upon water in various amounts and in different 
conditions, Thus a very thin layer, a mere ring round the edge of 
the hearing-tube, masses of water in larger or smaller vessels, and a 
bag of water, have been employed. The results haye been the same 
as regards augmentation. The degree of augmentation was greatest 
when the hearing-tube was immersed freely in water. In experi- 
menting upon water in vessels, it was found necessary to close 
the extremity of the tube to be immersed, by tying over it a piece of 
bladder or thin india-rubber ; for the entrance of water into the in- 
terior interfered greatly with the augmentation. 

The effect of water in augmenting sound is materially reduced if 


Dr. Alison on the Intensification of Sound. 147 


even a small. amount of solid material be interposed between the 
water employed and the mouth of the hearing-tube. A_ piece of 
wood, not much thicker than a paper-cutter, materially interferes 
with the augmenting power of water. 

The augmentation of sound thus obtained by water seems to be 
due to the complete fitting of the liquid on the solid body and also 
round the mouth of the hearing-tube, whereby the column of air 
is thoroughly enclosed ; also to the less impediment to the vibrations 
of the instrument when held in contact with water, than when held 
in contact with a solid body, the water yielding in a greater degree 
than a solid. 

The mode of judging of the augmentation was twofold: Ist, one 
sensation was compared with another perceived by the same ear, the 
one sensation following immediately upon the other; 2nd, the dif- 

ferential stethophone was employed, by which two impressions are 
simultaneously made upon the two ears; in which case, if one 
impression be materially greater than the other, sound is per- 
ceived in that ear only on which the greater impression is made. 
To obtain the advantage of the differential stethophone,—or “ Pho- 
noscope,” as it might here perhaps be more correctly designated— 
when sounds at some distance from the ear were being examined, its 
length was increased by the addition of long tubes of india-rubber. 

Experiments were made upon other liquids besides water, such as 
mercury and ether. 

Other materials besides liquids were found to afford a similar in- 
tensification of sound from solid bodies, such as laminz of gutta- 
percha, or of india-rubber, and sheets of writing paper, but the 
amount of augmentation was less. . 

The hearing-tubes employed were various. Many of the experi- 
ments were performed with the author’s ordinary differential stetho- 
phone, an instrument described in the Philosophical Magazine for 
November 1858. India-rubber tubes fitted with ivory ear-knobs, and 
with wooden or glass cups (the size of the cup or object-extremity 
of ordinary tpuderenesy, and haying an ear-extremity to pass into 
the meatus, and brass tubes, were also in turn employed. Tubes 
closed at their distal extremity with solid material, such as glass, 
did not answer so well as those closed with membrane. 

The water-bag increases the impression conveyed to the ear by the 
wooden stethoscope, if it be placed between the flat ear-piece and 
the external ear. It may be employed alone to reinforce sound. 
The name of Hydrophone has been given to it. 

A postscript is added, in which the author records an experiment 
made on the bank of the Serpentine river. A sound produced upon 
the land was heard at a point in the water when it could not be 
heard at an equal distance on the ground, if the two limbs of the 
differential stethophone were employed simultaneously. 

The sensation upon the ear, connected, by means of a hollow tube, 
with water in sonorous undulations, was found to be much greater 
than that upon the ear connected with the same water by means of 
a solid rod. When both tube and solid rod were employed simul- 
taneously, sound was heard in that ear only supplied with the tube 
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February 24.--Sir Benjamin C. Brodie, Bart., Pres., in the Chair. 


The following communications were read :— 

“Researches on the Phosphorus-Bases.’”’—No. V. Diphospho- 
nium-Compounds. By A. W. Hofmann, LL.D., F.R.S. &e. 

In a note* on the deportment of dibromide of ethylene with tri- 
ethylphosphine, I have stated that the reaction between these two 
substances gives rise to the production of 

Bromide of triethylbromethylene- 

eee mene} (C,H), (C,H,Br)P] Br, 
whilst two other bromides, viz. 


sae of triethylphosphonium —__[(C,H,), HP]Br and 
romide of triethylvinyl-phos- 
pitied Oe KO, Hi) (Cee 
are generated in consequence of secondary processes. But I did not 
fail to remark in the same note, that in addition there is formed in 
this reaction a fourth bromide, the nature of which, at that time, I 
had been unable to fix by experiment. 

I have continued the study of this substance, which has led to the 
following results. 

All attempts to eliminate the bromide in question by frequently 
recrystallizing the direct product of the action of dibromide of ethyl- 
ene on triethylphosphine have entirely failed. Considerable sacri- 
fice of precious material and often repeated analyses of the different 
crops of crystallization taught me nothing, except that the body 
which I endeavoured to grasp is most abundantly produced when 
the triethylphosphine is rather in excess. Indeed, it would appear, 
that under those conditions, the bromide in question constitutes the 
principal product of the reaction. 

Not more successful was an attempt to increase the chances of 
separation by reducing the number of the bromides. 

As I have previously stated, treatment with oxide of silver de- 
stroys the triethylated bromethylene-phosphonium, converting it into 
a basic compound, which contains no longer any bromine, whilst 
the same agent transforms the bromide of triethylphosphonium into 
the oxide of argento-triethylphosphonium, and the dioxide of tri- 
ethylphosphine. On saturating again by hydrobromic acid the liquid 
thus produced, the solution now contained only the new bromide, the 
bromide of the debrominated body, and the dibromide of triethyl- 
phosphine, the extreme solubility of which rendered its presence al- 
most harmless. The task was thus virtually reduced to the separation 
of two bromides. Unfortunately, the two substances resemble each 
other to such an extent, that this hope also had to be abandoned. 

A modification, however, of this process led to the solution of the 
difficulty. On saturating the alkaline solution, produced by the action 
of oxide of silver upon the crude bromides, with hydriodic instead of 
hydrobromie acid, a mixture of the corresponding iodides was ob- 

_tained, the separation of which could be easily accomplished. 
On moderately concentrating this solution, a beautiful iodide of 


* Phil, Mag. vol. xvii. p. 134. 
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limited solubility was deposited. This substance readily dissolved in 
boiling water, from which it crystallized on cooling in long white 
needles. It was less soluble in alcohol, insoluble in ether. 

The analysis of this compound, carefully purified by repeated 
crystallizations, led to the following atomic expression :— 


C,,H,,PI. 


This formula received ample confirmation by the examination of 
a platinum- and gold-compound. Converted into chloride and pre- 
cipitated by dichloride of platinum, the new body furnished a crystal- 
line, difficultly-soluble platinum-salt, differing from the platinum-salts 
of all the other compounds of this group. This salt dissolves in 
boiling concentrated hydrochloric acid without decomposition, and 
crystallizes on cooling in beautiful yellow needles containing 


C,,H,,PCl, PtCl,. 


The gold-salt is a bright yellow crystalline precipitate, difficultly 
soluble in boiling water, and not recrystallizable without some altera- 
tion. The gold-determination agreed with the formula 


C,,H,,PCl, AuCl,. 

The preceding formule are simple translations of the analytical 
results, but they convey no idea regarding the nature of the new body. 
Legitimate interpretation of these expressions, and a due apprecia- 
tion of the conditions in which the new compounds are formed, un- 
avoidably lead us to the conclusion that the formule: must be doubled. 
The molecule of the new iodide thus becomes 

Se all gol 
corresponding to an original bromide, 
be H,, us Br,, 

which is simply formed by the association of 2 equivalents of triethyl- 
phosphine and 1 equivalent of dibromide of ethylene, 

2C,,H,,P+ C,H, Br,=C,, H,, P, Br,. 
The formule of the platinum-salt and of the gold-salt of course 
have likewise to be doubled: 

Platinum-salt C,,H,,P,Cl,, 2PtCl,, 

Gold-salt C,, H,,P,Cl,, 2AuCl, ; 
the number of platinum- and gold-equivalents which respectively 
exist in these compounds being apparently determined by the number 
of triethylphosphine-equivalents associated in the new salt. I have 
vainly endeavoured to produce compounds containing only one equi- 
valent of platinum and gold, but have succeeded in procuring a well- 
defined silver-compound : 

C,H Por, Aghr, 

which is formed by treating the new bromide with a quantity of oxide 
of silver insufficient for complete decomposition. This compound is 
a double salt of equal equivalents of the proximate constituents. 

The deportment of triethylphosphine with dibromide of ethylene, 
and more particularly the formation of the new bromide, is not with- 
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out theoretical interest. The molecule of dibromide of ethylene, 
equivalent to 2 molecules of hydrobromic acid, fixes in this reaction 
2 molecules of triethylphosphine, equivalent to 2 molecules of am- 
monia; the result being a compound saline molecule, equivalent to 2 
molecules of sal-ammoniac. 


3: ict ep Tt: 
BO 5) (Oy ie 
H, (C, Hy)” 

ay é j 
2 molecules of Molecule of the diatomic 
sal-ammoniac. bromide: 


It is not quite easy to frame a name for this complex body, in 
which, under the influence of the diatomic ethylene, 2 molecules of 
triethylphosphine are, if I may say so, dovetailed together. We have 
in this case to deal with a compound molecularly representing 2 equi- 
valents of chloride of ammonium, with phosphorus in the place of 
nitrogen, bromiue in the place of chlorine, 6 equivalents of ethyle and 
1 equivalent of diatomic ethylene being substituted for the 8 equiva- 
lents of hydrogen ; in fact, the compound is a dibromide of hexethyl- 
ethylene-diphosphonium, sit venia verbo. Be 

Those who have accorded some attention to the direction of these 
researches, cannot have failed to observe that the conception of the 
compound which forms the subject of this note was the point from 
which I started in examining the deportment of triethylphosphine 
with dibromide of ethylene. In a note on polyammonias, presented 
to the Royal Society about a year ago*, I first pointed out the exist- 
ence of similar compounds in the nitrogen-series, adducing in favour 
of this view such experimental evidence as I was enabled to collect 
from the materials at hand. I have since endeavoured to expand 
this evidence by the realization of a variety of bodies of analogous 
constitution. For this purpose I have examined the action of am- 
monia on dibromide of ethylene ; a process, which, owing to the num- 
ber of bodies simultaneously produced, presents considerable difficul- 
ties. With the view of simplifying the reaction, I have passed step by 
step to the primary, secondary, and tertiary monamines, in which the 
advancing state of substitution promised a reduction of the number 
of compounds capable of being generated under the influence of 
dibromide of ethylene. These experiments, some of which have 
been laid already before the Royal Society, whilst others are still in- 
complete, have furnished many additional illustrations of the group 
of polyammonias ; but most of these reactions are complicated, and 
the compounds produced are far from always presenting the salient 
characters which I could have desired. In fact, it was not until 
I pursued the inquiry into the phosphorus-series, and relying on 
the promptness and precision with which these substances act, 
examined the deportment of dibromide of ethylene with triethyl- 
phosphine, that the experiments were attended with the desired 
SUCCESS. 
“ * Phil. Mag. vol. xvi. p. 309. 
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The new diphosphonium-compounds which form the subject of 
this note are remarkable for their well-defined characters, and for 
their stability. They may be heated to 250° C. without undergoing 
the slightest change. Even the dioxide, which is readily liberated 
by the action of oxide of silver upon either the bromide or the iodide, 
is a very stable compound. The solution of this substance, which 
obviously corresponds to 2 molecules of water, 


Hi, oO, L(C, H,), (C, Hy)" Ps)" oO 
Hef ~* Hi f >? 
: — ; 

2 molecules Molecule of the diphosphonium- 
of water. . compound. 


is a powerfully alkaline liquid, attracting with great avidity the car- 
bonie acid of the atmosphere, and precipitating the metallic oxides 
like potassa. The solution may be evaporated without change to a 
syrup-like liquid, and it is only at a very high temperature that 
decomposition actually takes place. At one time I had hoped to 
see this body splitting under the influence of heat into the ethylene- 
alcohol (glycol) and triethylphosphine, but the transformation ensues 
in another form; only traces of phosphorus-base being liberated; 
while the principal product is the dioxide of triethylphosphine, which, 
in the latter stages of the distillation, coats the neck of the retort 
with a network of beautiful needles ; a small quantity of gas (hydride 
of ethyle?) being simultaneously evolved. 
The reaction is probably 


4 n ! : 
[(C, Hs), (C, Hi)" Ba!" \ 0,=C, H,+2[(C, H,), PO,] ; 


this equation, however; is not experimentally established: 

The molecule of the diphosphonium-bromide contains the elements 
of 1 molecule of bromide of triethylphosphonium and 1 molecule of 
triethyl-vinyl-phosphouium, 

[(C,H,),(C,H,)’ P,]" Br,=[(C, H,), HP] Br+ (0, H,),(C, H,) P]Br 
{ have eiideavotred to split the latter in accordance with the above 
equation, but without success. 

Triethylphosphine acts with eletgy upon the homologues of dibro- 
tide of ethylene ; I have not yet examined, however, any of the pro- 
ducts thus obtained. Mr. W. Valentin, to whoni I am indebted for 
much valuable assistance during my experiments; has found, more- 
over, that triethylarsine unites with dibromide of ethylene. He has 
iiot yet completed the investigation of the crystalline body which 
is generated in this reaction. 


“Qn the Different Types in the Microscopic Structure of the Ske- 
leton of Osseous Fishes.” By A. Kolliker, Professor of Anatomy 
and Physiology in the University of Wiirzburg. 


March 10.—Sir Benjamin C. Brodie, Bart., President, in the Chair. 

The following communication was read :— 

“Letter from James P. Muirhead, Esq., to Sir Benjamin C. 
Brodie, Bart, Pres: R.S., dated March 8, 1859, relating to the Dis- 
covery of the Composition of Water. 

I have how, with your permission, to reouest you to lav before the 
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Royal Society the fullowing brief remarks on the quotation from De 
Luc’s “Idées sur la Météorologie,’’ which has been referred to as 
fresh evidence in the controversy as to the discovery of the Compo- 
sition of Water. 

It is only at first sight, and when taken in an isolated form apart 
from the rest of De Luc’s narrative, that the passage in question 
could bear the interpretation now sought to be put upon it; for 
Dr. Priestley’s communication of Cavendish’s experiment is said 
by De Luc to have been made “vers la fin de ’année 1782.” But 
in the same section of the same volume he distinctly and positively 
says, that when in September [1783] he returned to Birmingham, 
«Nous ignorions, M. Watt et moi, que M. Cavendish eit eu des 
idées fort semblables aux siennes sur la Cause de ce Phénoméne *.” 

Now, we may well ask, how could this possibly have been the case 
with De Luc in 1783, if Priestley’s communication to him in 1782 
had extended to the conclusions, as well as to the experiments, of 
Cavendish ? 

De Luc adds, on the next page of his work, that “Au mois de 
Juin” (an evident mistake for Janvier), “1784, M. Cavendish remit 
4 la Société Royale un Mémoire, dans lequel il joignit, au récit de 
ses expériences de 1781, sa théorie sur la formation de l’ Hawt.” 
Here, for the first time in De Luc’s narrative (with the exception of 
an allusion to Blagden’s statement at Paris in June 1783), occurs a 
clear and distinct notice of Cavendish’s theory or conclusions, as 
distinguished from his experiments. What M. De Luc’s opinion of 
the memoir was, in which those conclusions were announced, when 
he perused it in March 1784, and sent an analysis of it to Mr. Watt, 
is well known from his letters already published {. 

We are thus enabled to set against the interpretation attempted to 
be put on the quotation from the ‘ Météorologie,” the most con- 
clusive of all testimony; that, namely, of De Luc himself: for if 
he had intended to say that in the end of 1782 the conclusions of 
Cavendish had along with his experiment been communicated by 
Priestley, he could not possibly have gone on to say, as he has done 
a few pages later in the same volume, that in September 1783 he 
was ignorant of Cavendish having entertained any such ideas; nor 
would he have felt the astonishment, and entertained the suspicions 
which he so strongly expresses, on his perusal of Cavendish’s memoir 
in March 1784. 

De Luc’s account in the “ Météorologie,”’ it must also be observed, 
is not a contemporaneous one, published at the time of Priestley’s 
communication in 1782, and before the conclusions of Watt were 
made known; but is given from memory, at an interval of several 


years, when such a mistake as that of June for January shows how 


little it can be relied on. Tae der 
’ 3 


Jas. P. MurrHEAD. 


« “Tdées sur la Météorologie,” tome ii. p. 224. 
f Ibid. p. 225. 


¢ M. De Luc to Mr. Watt, Ist and 4th of March, 1784. 
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June 15, 1859.—Prof. J. Phillips, President, in the Chair. 


The following communications were read :— 

1. * Notes on Spitzbergen.”” By J. Lamont, Esq. 

Mr. Lamont cruised about Spitzbergen in his yacht in the summer 
of 1858, and went up the Stour Fiord, which, he remarks, is a Sound 
dividing the Island, not a gulf. The first thirty miles of coast along 
which he sailed on this Fiord consisted almost entirely of the faces 
of two or three enormous glaciers: the water is shallow, seldom as 
much as sixteen fathoms, and such appears to be the case all around 
Spitzbergen; and hence icebergs of very large size are not formed. 
The shores are mostly formed of a muddy flat, from half a mile to three 
miles broad, with ice or hard ground at from 12 to 18 inches under 
the surface ; this is intersected with muddy rivulets, and bears saxi- 
frages, mosses, and lichens, on which the reindeer fattens. Pro- 
truding trap-rocks appear at many spots on these flats. A steep 
slope of mud, snow, and debris succeeds the flats, and reaches up to 
perpendicular crags of schistose rock, above which extend the great 
glaciers. Above these, peaks, probably of granite, appear when free 
of mist. ~ 

The upper part of the Sound has much drift-wood, chiefly small 
pine-trees, weather-worn and water-logged, and some wreck-wood. 
Bones and skeletons of whales are numerous. Drift-wood and 
bones of whales were observed several miles inland and high above 
high-water mark—at least 30 feet. Whales’ skeletons were also 
seen high up on the Thousand Islands. These circumstances, con- 
nected with the fact that seal-fishers and whalers state their belief 
in the shallowing of these seas, lead the author to think that Spitz- 
bergen and the adjacent islands are emerging from the sea at a rate 

even more rapid than that at which some parts of Norway have been 
shown to be rising. 


2. “On the Formation of Gypsums and Dolomites.” By T.S. 
Hunt, Esq., of the Geol. Surv. Canada. 

The points to which the author calls attention are, first, the for- 
mation of sulphate of lime and bicarbonate of magnesia by the action 
of bicarbonate of lime upon a solution of sulphate of magnesia, and 
their successive deposition in the forms of gypsum and hydrous 
carbonate of magnesia, during the process of evaporation; and, 
secondly, the direct union, under certain conditions, of this carbonate 
of magnesia with carbonate of lime to form a double carbonate, which 
is dolomite. 


3. ‘On the Tertiary Deposits, associated with Trap-rocks, in 
the East Indies.” By the Rev. S. Hislop. With Descriptions of the 
Shells by the Rev. 8. Hislop; and of the Insects by A. Murray, 
Esq. (Communicated by the President.) 

In the first place, the author referred to his views, already given 
in the Society’s Journal, of the great outpouring of basalt in India 
having taken place under no great aqueous pressure, and of the 
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flatness of the tops of trap-hills being the effect of well known laws, 
to which lava, like every other liquid body, is subject. While the 
deposit now covered up by trap was being formed in a lake or lakes 
in Western and Central India, there was, he remarked, a contem- 
poraneous formation, similarly overlain, going on in an estuary or 
sea towards the south-east, about the mouths of the Godavery. The 
amygdaloid; which is generally found underlying the sedimentary 
rock, he believes to have been liquid at a period subsequetit not only 
to the deposition of that rock, but also to the consolidation of the 
upper trap, both of these having apparently been broken up by it: 
still he thinks it probable that the lava in both positions belonged 
to the same eruption, the upper portion of it havirig cooled first. 

- The author formerly held that the arenaceous strata which have 
been described by some as the “diamond-sandstoiie” were of tiearly 
the same age as the fern-beds of Silewdda, &c., the carbonaceous 
Shales of Umret and Damiutda, and the argillaceous sandstone, witli 
Brachyops, of Méngali; but he how considers that they must. be 
classed with the intertrappean deposit mentioned above, which they 
underlie. They contdin abundance of wood, chiefly silitified, and a 
few Paludine. This tertiary sandstone is metamorphosed itito gneiss 
by the intrusion, apparently, of some deep-seated plutonic rock; evi- 
denced by veins of pegmatite. 

Some minerals from the trap, gneiss, &c. were then entimerated, 
especially the ‘‘ Hunterite” and “ Hislopite” lately discovered by 
Prof, Haughton. 

The Fossi/s were next alluded to: namely, Fish-remains—some 
like the Sphyrenodus of the London Clay ; also Reptilian remains, 
and bones of Pachyderms. The Shells, both freshwater (from the 
neighbourhood of Nagpur) and marine (from Rajamandri, near the 
mouth of the Godavery), were described by the author in detail. 
Cyprides are numerous ; two species have been named by Mr. Sower- 
by; and some new forms will be described by Mr. Jones. Plant- 
remains are abundant, but have not been yet described: Many reiiains 
of Insects occur; and, as far as Mr. Andrew Murray can form an 
opinion on them, they differ from recent species. 

The author, after comparing the fossil shells of Nagpur with those 
of the Nummulitic fauna described by Viscount D’Archiac, and with 
the recent fauna of India, offered the conclusion that they are pro- 
bably of Lower Eocene date. The nearest European analogue is 
found in the Physa-bed (Physa gigantea) at Rilly, in France. 

These Tertiary deposits, with their pachydermatous remains, are 
decidedly (in the author’s opinion) older than those of the Sewalik 
Hills, so well known from Cautley and Falconer’s researches. There 
are yet newer deposits with huge fossil bones (probably of Upper 
Pliocene age) on the banks of the Nerbudda and elsewhere. 

Lastly, the author inferred that the upper or diamond-sandstone 
must be of Lower Eocene age, like the intertrappean deposit with 
which it is associated, and consequently that plutonic and meta- 
morphic action must have taken place since that era. 

Shells from the freshwater strata of Nagpur and lg hah 
parts of Central India (all, but three, new species);— 
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Melania quadrilineata, J. Sby.; M. Hunteri; Paludina normalis; P. Decca- 
nensis, J. Soy.; P. Wapsharei; P. acicularis; P. pyramis; P. subcylindracea ; 
P. Sankeyi; P. Takliensis; P. soluta; P. conoidea; P. Rawesi; P.. Virapai ; 
Valvata minima ; V. unicarinifera ; V. multicarinata ; V. decollata ; Succinea Nag- 
purensis ; Limnza_ oviformis ; L. subfusiformis ; L. attenuata; L. peracuminata ; 
L. Spina ; Physa Prinsepii, J. Sby., var. elongata, var. inflata; Ph. Bradleyi; 
oe Malcolmsoni; U. Hunteri; U: cardioides; U. mamuiillatus ; U. imbricatus ; 

. Carteri. 


Shells from the estuary strata near RAjdmandri (all new spe- 
cies) :-— 

Pseudoliva elegans ; Natica Stoddardi; Cerithium multiforme ; C. subcylin- 
draceum ; C. Leithi; C. Stoddardi; Vicarya fusiformis ; Turritella prelonga; 
Hydrobia Ellioti; Hemitoma? multiradiata; Ostrea Pangadiensis ; Anomia Kate- 
ruensis; A. modiola; Perna meleagrinoides; Modiola, sp. 3 Corbis elliptica ; Cor- 
bicula ingens ; Cardita yariabilis; Cytherea orbicularis; C. Wilsoni; C. Wap- 
sharei; C. Rawesi; C. Jerdoni; C. elliptica; C. Hunteri; Tellina Woodwardi; 
Psammobia Jonesi; Corbula Oldhami; C. sulcifera. 


Fossil Insects from the Tertiary strata near Nagpur :— 


Lomatus Hislopi, sp. nov. ; and three other Buprestide (indefinable). Meristos 
Hunteri, noy. ; and seven other Curculionide (indefinable). 


XXVI. Intelligence and: Miscellaneous Articles. 


ON THE EXPANSION OF CRYSTALLINE BODIES BY HEAT. 
BY H. HAHN, 


JT is a law long since discovered by Mitscherlich, that crystalline 

bodies expand equally in the direction of their similar axes, but un- 
equally in the direction of their dissimilar axes. According to this 
law, only those bodies that belong to the regular system expand 
equally in all directions, while those that belong to the quadratic 
and hexagonal systems present ¢wo axes, and those belonging to the 
other systems three axes of unequal expansion. The greatest expan- 
sion is not, however, as might have been expected, in the direction 
of the principal axis (calc-spar, bitter-spar), but sometimes in the 
direction of the other axes (quartz). The author gives a calculation 
of the expansion of certain crystals in the direction of their different 
axes. 

Calc-spar (hexagonal system).—According to Mitscherlich, the 
terminal dihedral angle of the primary rhomboid becomes 8! 34”-5 
more acute, on its temperature being raised to 100°C. At the mean 
temperature 14° R. (= 17°5 C.) it measured 105° 5!; at 100° C: 
it is therefore 104° 56’ 25”°5. Calculated from the first of these 
angles, the proportion of the axes is as follows :— 

a@:c=1°1706;1=1 : 0°8543; 
from the second, 

a: ce=1'1650: 1=1: 0°8584. 
The expansion of axis a up to 100° being taken as unity, axis ¢ then 
increases 100479 times as much as a, or for one degree ‘0121792 
times as much. ‘The cubical expansion is three times the linear ; if, 
then, v be the expansion in the direction of the axis of a, that in the 
direction of the axis ¢ will be # x 1:00479, and the cubical expan- 
sion will be « x 3°00479, Kopp found that the cubical expansion 


156 Intelligence and Miscellaneous Articles. 


of calc-spar for 1°, from 0 to 100° (between which limits it expands 
uniformly), to be 0°000018. From 17°-5 to 100° it expands there- 
fore 82°5 x 0:000018=0-001485, whence we have 


x x 3:00479=0°001485 and <=0°0004942. 
Axis a shee as by 0:0004942, 


te 0:00049657. 
For 1° a expands by 0:00000599, 
» € ” 0:00000602. 


We arrive at these last values also if we indicate the expansion of 
axis a for 1° by x; we then have 


zx X 3'0121792=0:000018, &c. 


Bitter-spar (muricalcite) (hexagonal system).—The terminal di- 
hedral angle of the principal rhomboid at the temperature 17°'5 is 
106° 15'; at 100° it becomes 4! 6” more acute, and measures there- 
fore 106° 10' 54”. In the first case the ratio of the axes is as 
follows :— 

a: c=1:2016: 1=1: 0°8322; 
in the second, 

a: c=1'1993 : 1=1: 0°8338. 
Axis c therefore expands 1:00192 asmuchasa; or for 1°, 0'012144 
times as much. If the cubical expansion of bitter-spar be known, 
the absolute expansions of a and ¢ can be calculated as in the former 
case. 

Arragonite (rhombic system).—At 17°°5 the. acute angle of the 
prism o P (axis 6) =63° 48! 14”; the polar dihedral angle of the prism 
P »©=108° 27'. At 100° the first of these angles becomes 63° 44! 32” ; 
the second, 108° 21' 31”. Axes 6 and c¢ have therefore expanded 
more in proportion than axis a. The two temperatures in question 
give the following proportions between the axes :— 


a7e "Se 100°. 
a:b6:c=1: 1°'60643:1°:15754 | a:b:c=1: 160836: 1°16088 
=0°62249 : 1 : 0°72056 =0°62175: 1:0°72177 
=0°86389 ; 1:38780: 1 =0°86142 : 1°38547 : 1 


Axis 6 therefore expands 1°001201 as much as a; axis c 1°19027 
as much; and the latter 1:00167 asmuchas 6. For 1°, 6 0:0121357 
times, and c 0°0144275 times as much as a, ¢ expanding 0°0121414 
times as much as b. Kopp found the cubical expansion of Arra- 
gonite for 1° to be 0'000065. ‘The expansion in the direction of a 
for 1° being called z, we have 


x X 3°0265632=0:000065, 


0:000065 
=e 0) OO00DT4 7. 
3'0265632 Ora at 
The crystal expands therefore in the direction of— 
a for 1°, 0:00002147 
6 o 0:00002173 
Css 0°00002199 


—— 
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For 82°5 (that is, on the temperature being raised from 17°5 
to 100°)— 


The expansion in the direction of the axis of a is ‘001771 

+ ry 6 is ‘001794 

”» ” ” c 1s 001814 

Therefore cubical expansion for 82°5 is. . ~. °005379 
—Archiv d. Pharm. vol. cxlviii. p. 19. 


DESCRIPTION OF VARIOUS PROCESSES MADE USE OF FOR FINDING 
OUT THE CONFIGURATION OF OPTICAL SURFACES. BY M. 
LEON FOUCAULT. 

One of the principal advantages of the reflecting telescope con- 
sists in having, instead of an object-glass, a mirror which acts by 
means of a single surface; which surface being concave, lends itself 
with remarkable facility to the application of the processes of exami- 
nation which permit the appreciation of its figure even to the least 
details. 

I conjointly make use of three different processes. The first con- 
sists in placing very near to the centre of curvature a very small 
object, such as the point of a pin, in order to obtain an image of the 
same size as, and very near to the object itself; this image can then 
be observed by means of a microscope and compared directly with 
the object. We are thus enabled to judge with certainty, by means 
of the amount of definition, of the effect which the mirror mounted 
as a telescope will give. 

If the image is imperfect, it is better then, with the view of ascer- 
taining the faults of figure, to take a luminous point and observe the 
appearance of the pencil of light within and without the focus. It 
will be seen to decompose itself in partial images, the discussion of 
which gives at once some information respecting the configuration 
of the surface of the mirror. 

But the two processes I am about to point out are still preferable, 
and give this information with greater precision. 

An object having parallel sides, such as the edge of a thin piece 
of steel, 1 millimetre (0°03937 inch) in thickness, is placed in 
the neighbourhood of the centre of curvature; and in order that 
the object may project itself in outline, it is enlightened from the 
side opposite to the mirror, and the image which is formed by it, 
being on a luminous ground, becomes very apparent, and presents 
in its aspect some peculiarities which depend upon the figure of the 
mirror. ‘This image, being observed with the naked eye at the di- 
stance of distinct vision, is seen in each of its parts, but by means of 
rays passing through the pupil after having been reflected from a 
very small part of the surface of the mirror; so that in these circum- 
stances the mirror only acts but partially, that is, by more or less 
restricted portions of its surface, which contribute severally to the 
formation of different parts of the image. Thus if the curvature be 
not uniform, the different parts of the image will not form them- 
selves in the same plane, and the angles subtended at the eye by the 
different parts will not be proportional to the corresponding part of 
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the object ; in short, the image will be deformed, contractions and 
dilatations will be seen, showing a decrease or an increase of the 
radius of curvature of the corresponding element of the mirror, The 
method becomes more correct and more conclusive if, instead of 
allowing the edge to have an indeterminate position in space, we fix 
on the eyepiece of a small telescope, magnifying but little, and pro- 
vided with a narrow diaphragm comparable with the pupil. 

It is very rare that an image observed in such way will show itself 
free from any distortion, and such as a perfectly spherical mirror 
would give it; the edges, instead of remaining rectilinear, are bent 
most frequently in the shape of an hyperbola, and turn their con- 
cavity towards the interior of the field of the telescope; in presenting 
themselves under that shape they indicate that in every meridional 
section of the mirror the curvature goes on gradually diminishing 
from the centre towards the edge, which tends to correct to a cer- 
tain degree the spherical aberration. 

Lastly, it remains now to describe a process which allows of the 
examination of concave surfaces, so as to recognize directly, by an 
effect of relievo, the elevated and depressed parts which affect the 
figure. 

A thin piece of metal, pierced with a small hole of ;4th of a 
millimetre (0°00328 inch, or about =4=th of an inch), and enlight- 
ened by an artificial light, is placed within the centre of curvature; 
through that little hole the diverging pencil of rays falls on the sur- 
face which is being examined, and comes back converging to form an 
image which is situated a little beyond the centre. 

By placing the eye in the cone of rays which diverge anew, and 
bringing it towards the image, we at last receive the whole of the 
pencil of rays, which passes freely through the pupil; and at the same 
time the surface of the mirror will be seen entirely illuminated. 
Now if an opake and rectilinear edge be brought near the image of 
the hole and made to infringe on it by degrees, the mirror will 
also lose by degrees its brilliancy; and when all the light is about 
to disappear, the whole of the irregularities of the surface of the 
mirror will be plainly seen. 

In fact, supposing the surface to be correctly spherical, the image 
is perfectly well defined, and when allowed to emerge a little from 
the opake screen which is brought forward to intercept it, the rays 
which are not stopped off come from the whole surface of the mirror, 


which presents to the last a uniform brilliancy ; if, on the contrary, 


this surface shows here and there some parts which are situated above 
or below the spherical level, the elements which do not present 
themselves under the proper incidence cause certain rays to deyiate, 
instead of converging with their fellow rays (congénéres), towards 
. the different parts of the image, and to be dispersed in all directions. 
It results from this, that every point of the image, and in particular 
each of those which emerge from the opake screen, receives rays 
which do not belong to it, and does not receive those which do be- 
long to it. 
The missing rays will leave in their corresponding places on the 
surface of the mirror a deficiency of light, the accumulated rays will 


a a 
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produce an increase of intensity in others; and from the contrast. of 
these different degrees of brilliancy, and on account of an effect of 
clair-obscur, an enormously exaggerated manifestation of the inequal- 
ities which really exist on the surface submitted to this sort of test 
will result. 

As the observation can only be made by means of a single eye, it 
happens that, under a mental influence independent of the will of the 
observer, the valleys and hills seem to overlie each other ; but with a 
little attention, what is a mere illusion will soon be distinguished 
from reality by considering that the true rising parts are neces- 
sarily contained between two opposite declivities, one of which being 
turned towards the screen, which hides the image, appears dark, 
whilst the other presents an increase of brilliancy. In other words, 
the true figure of the mirror is analogous to that which would corre- 
spond to the apparent relievo interpreted on that hypothesis, in which 
an oblique light would ccme from the side opposite to the screen. 

This process offers particularly the advantage of being at the same 
time expeditious and direct ; that is to say, a surface can be judged 
of in a few seconds, and when it is defective, the faults of it are 
known immediately with great precision. 

Generally, all that has any influence on the direction of the rays, 
or anything which prevents them from converging simultaneously 
towards a point of common convergency, becomes visible and is de- 
tected. By means of this kind of observations, among several causes 
which affect the result, that one which exercises a predominant influ- 
ence is easily distinguished from the rest. Thus the permanent 
irregularities of a surface will not be mistaken for the varying altera- 
tion due to the flexure of the mass of glass; and we can perceive 
the inequalities in the density of the ambient air, which passes 
whirling before the mirror, or which shows itself like stratified layers 
in the interior of the tube of the telescope. By taking the necessary 
precautions, all causes capable of producing an accidental disturb- 
ance are successively avoided, and the intrinsic faults or defects of 
the surface are the only ones which subsist. 

But, guided by the observation itself which causes them to be 
discovered, we suceeed, as I have demonstrated before, in correct- 
ing locally these defects; and, lastly, they can be reduced to such 
proportions as to exercise no sensible influence on the quality of the 
images. 

The mechanical processes by which the working of glass surfaces 
is usually effected seem to lose something of their efficacy as soon 
as they are applied to pieces of unusual dimensions; the results 
which they then furnish are but an approximation, a sort of trial 
which is far from being satisfactory ; but where mechanism becomes 
powerless, the hand of man can do something more: assisted by the 
resources placed at his disposal by optical science, and guided by a 
system of observations the efficacy of which increases with that of the 
instrument which is to be constructed, the human hand is enabled to 
proceed with the work, and to carry it out to the greatest degree of 
precision. 

If it be required to verify by optical means any one of the ellip- 
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soidal surfaces which lead from the sphere to the paraboloid, the 
same identical process can be applied, provided that the object 
which is used as a mark be placed at one of the foci, and the image 
examined at the other. The information which is thereby obtained, 
and the corrections which must be deduced therefrom, are based on 
the same appearances; only they have reference especially to the 
sort of surface given by the position of the foci, and the inequalities 
which are discovered show deviations which are reckoned in the same 
way as for the spherical figure, viz. from the level of the correct sur- 
face which it is desired to obtain.—Proceedings of the Royal Astro- 
nomical Society, June 10, 1859. 


ON THE ORGANIC SUBSTANCE IN THE METEORIC STONE OF KABA. 
BY PROFESSOR WOHLER. 


The following note on the organic matter contained in the 
meteoric stone of Kaba was communicated by Haidinger to the 
Academy of Sciences at Vienna. 

Experiments made with about 10 grms. of powder and small frag- 
ments of the meteoric stone of Kaba, have shown that this meteorite, 
beside its free carbon, contains a carburetted substance which 
appears to have some similarity with certain fossil carburets of 
hydrogen, such as the so-called mineral tallows, Ozokerite, Sche- 
rerite, &c., and is undoubtedly of organic origin. Perhaps it is 
only a small residue of a larger quantity which the meteorite pre- 
viously contained, and which was destroyed, at the moment of the 
fiery phenomenon, with deposition of carbon. 

The fragments were reduced to powder, exhausted with perfectly 
pure alcohol, which was then filtered and evaporated. There re- 
mained a colourless, white, apparently crystalline mass, which pos- 
sessed a weak, peculiar aromatie odour. It was soluble in alcohol ; 
and this solution was rendered milky by the addition of water. In 
sether it was broken up into small oily drops, as if it had been decom- 
posed into an insoluble fluid, and a soluble solid portion. On the 
evaporation of the ether, the latter remained in a distinetly ery- 
stalline form. When heated in the air, the substance was volatilized 
in white fumes of a slightly aromatic odour. When, on the con- 
trary, it was heated in a narrow tube, it fused very readily, and was 
decomposed by a stronger heat, with deposition of a black coal and 
evolution of a fatty odour. The substance remained unaltered in 
caustic soda. 

The pulverized stone which had been treated with alcohol, when 
ignited in oxygen gas, gave but little vapour, and only a trace of 
sublimate, but a large drop of water, although it had been carefully 
dried beforehand. The powder, which had acquired a cinnamon- 
brown colour, became heated when water was poured over it; for it 
contained a large quantity of sulphate of magnesia, extractable by 
water, and some sulphate of nickel, formed by the sulphur of the 
sulpburet of iron contained in the stone—Sttzungsber. der Akad 
der Wiss. zu Wien, xxxiv. p. 7. 
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XXVII. Hydraulic Researches—Part Il. By G. Maenus, Pro- 
fessor of Natural Philosophy in the University of Berlin*. 


[With Two Plates.] 
On the swellings formed in jets issuing from circular orifices. 


116. i the former part of my hydraulic investigations +t I con- 
sidered the shape of the water-jets. The remarkable 
forms assumed by streams issuing from angular orifices were 
there, I think, satisfactorily explained by showing that they 
depended upon the phenomena which occur when two jets 
meet one another at various inclinations. I also described the 
very much more regular shapes assumed by streams issuing from 
circular orifices. The singular swellings or “ ventral segments ” 
produced in circular jets by the sounding of a musical note, 
and which occupied the attention of F. Savart t, were there only 
considered in a general manner. Since then, by examining 
them with the aid of different appliances, I have succeeded in 
determining more decisively their nature and their cause. My 
observations are contained in the following communication. 

Those swellings were especially examined which are formed on 
vertically-descending streams; for these, being obtainable with 
greater regularity and uniformity than others, afford greater 
security for correct observation. 

117. Inallowing the water to flow out, a vessel was employed 
of 04 metre in height and 0°8 metre in diameter, which was 
placed upon a firm stand of strong wood, 1°75 metre in height. 
This vessel is more fully described in Part I. § 40. As there 
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described, plates could be introduced into the middle of the 
bottom of this vessel, containing orifices of various diameters. 
The streams issuing from these holes fell into a vessel placed 
upon a soft support and quite separate from the above-mentioned 
stand, in order that the motions in the receiving vessel might be 
as little as possible communicated to the floor and thence to the 
first vessel. Again, in order to reduce these motions to a mini- 
mum, and to avoid the noise occasioned by the falling water, a 
board was so placed in the receiving vessel as to make a small 
angle with the vertical, as is described in § 42. The jet of 
water on falling upon this, slid down it so as to occasion a 
scarcely audible noise. 

In order to make the stream as regular as possible, the “ tran- 
quillizer ” (Beruhiger) described in § 38 was placed in the first 
vessel. The circular motions in the water, and the consequent 
twistings in the jet itself, were thereby avoided. 


Jets without swellings. 


118. In the first place, I must mention that repeated experi- 
ments have convinced me of the correctness of the assertion made 
in § 85, namely, that no swellings whatever are produced in a 
jet which flows out quite calmly, provided that the rotation of 
the liquid in the interior of the vessel is prevented by the “ tran- 
quillizer,” and that the jet is not subjected to the vibrations 
produced by a note or otherwise. Such a stream forms a con- 
tinuous, perfectly smooth mass, the diameter of which diminishes 
with the distance from the efflux-orifice to the point where disin- 
tegration commences. In its descent from this point the stream 
assumes a turbid appearance; at the same time it acquires a 
greater diameter, presenting an appearance like that shown in 
Plate I. fig. 1. There is no trace of alternate contractions and 
expansions either in the smooth and continuous, or in the turbid 
and discontinuous part. Now and then very small drops spirt 
out laterally from the point of commencing turbidity, and often 
also below it. This lateral projection of drops seldom occurs in 
jets issuing from orifices of 5 millimetres and more in dia- 
meter; but when the streams are narrower, the orifice being 


about 1 millimetre in diameter, the whole water-current is disin-. 


tegrated into fine drops, thereby assuming the form of fig. 2. 
119, Savart* also mentions that the jet shows no swell- 
ings when all vibrations in its neighbourhood are avoided. His 
description agrees perfectly with that given in the previous para- 
graph, with the exception that he does not mention the small 
drops. In jets, however, of the diameter of those employed 
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by Savart, these are seldom present in_such quantity as to be 
especially striking. 

120. Even with a perfectly regular flow, it is difficult to esta- 
blish a quite steady stream; for if the water flows out under a 
pressure of about 20 centimetres, it is impossible to ensure the 
perfect constancy of the jet, even when the “tranquillizer” is 
used. With a smaller pressure, the jet, it is true, appears 
perfectly smooth ; but the smallest motion—that, for instance, 
occasioned by the passage of a carriage in a distant street—is 
sufficient to displace the image of an object seen by the reflexion 
from the jet. 


The formation of the swellings. 


121. No swellings, however, are occasioned hy such shakings. 
In order that these may be formed, the vessel from which the 
water flows must receive regularly and quickly recurring motions. 
The fittest means for this purpose is furnished by the sounding 
of a note. Indeed for the production of regular swellings, 
scarcely any other means is applicable. For, as already remarked, 
for this effect to be produced, regular and quickly succeeding 
motions are necessary ; and such always produce the impression 
ofa tone. The effect of such regular vibrations is to cause 
swellings of about the form shown in fig. 3. The first swelling 
always lies much nearer to the orifice than does the point where 
the jet without swellings commences to become turbid. 

122. As is well known, the jet itself occasions a tone, 
partly because its single separate masses of water set the air, 
through which they fall, in motion, but especially by the impact 
of these masses upon some solid or liquid. Hence swellings 
are often produced without the intentional production of a tone. 
It is only on the prevention of the percussion upon a solid body 
or upon water which has already flowed out, by allowing the 
stream to fall upon a board very ‘slightly inclined from the ver- 
tical, that the note of the jet is too weak to occasion any 
swellings, 

123. Savart* asserts that if the note which the jet pro- 
duces by falling through the air, be sounded upon a musical in- 
strument, swellings are immediately produced, and that these 
are also formed by the sounding of certain other notes which 
stand in a simple relation to the first. He asserts, moreover, 
that, on the contrary, no such swellings are produced by the 
sounding of notes which have no such simple relation to the 
note of the jet itself. My experiments have confirmed this 
aesertion ; but only for the case where the stream flows out 
under a pressure of at least 10 centimetres. If the pressure be 
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smaller, say 2 or 3 centimetres, swellings are produced by every 
note sounded in the neighbourhood of the jet. Under such cir- 
cumstances even the human voice is sufficient to produce them. 
Very high notes alone seemed incapable of causing swellings ; 
at least by very high notes I was unable to form them in a jet of 
5 millimetres diameter. 

124. If the pressure under which the water flowed out was so 
great that swellings were not produced by any but the original 
note of the stream, or tones standing in simple relation to it, 
such swellings were nevertheless caused by bringing the sound- 
ing body into immediate contact with the vessel from which the 
water flowed, or with the stand on which the vessel rested. 

125. For producing the notes, I have made much use of a 
small electro-magnet, the keeper of which was fastened to a spring 
whose motion alternately broke and completed the circuit. This 
arrangement, known as “ Neef’s hammer,” or the magnetic 
hammer, may be so adjusted that the motions of the spring and 
keeper correspond to certain tones which, at least within certain 
limits, may be varied at pleasure. 

126. Sometimes, instead of this apparatus, I employed differ- 
ent tuning-forks, especially one very large one which sounded C 
below the line. 

127. The magnetic hammer, however, has the advantage of 
producing one and the same note for a long time with undimi- 
nished strength, thus allowing precise observation. Moreover, 
in employing it, no mechanical force is necessary, as is the case 
with stringed instruments, organ-pipes, &c., which force, when 
the sounding body is in contact with the vessel from which the 
water flows, or with its stand, imparts a swinging motion to the 
latter, and consequently to the entire jet. 

128. When the magnetic hammer produced a different note 
from the original one of the jet, or one not simply related to 
it, no swellings were observed as long as the hammer was held 
in the hand, however nearly it might be held, during vibration, 
to the stream. But on laying the hammer upon the stand upon 
which the vessel stood from which the water flowed, the swellings 
were immediately produced. They appeared with especial sharp- 
ness and distinctness when the hammer was firmly screwed down 
upon this stands For, when this was the case, the vibrations 
became more régular, and the note less grating and harsh, than 
when the hammer was simply pressed upon the stand with the 
hand. 

Similar phenomena were produced by the use of the tuning- 
fork (§ 126). If the fork were struck and held in the hand, 
no change was produced in the jet, unless the note of the fork 
accidentally coincided with the original tone of the stream. No 


Prof. Magnus’s Hydraulic Researches. 165 


swellmgs were formed even when the fork was held quite close 
to the stream. If, on the contrary, after being struck, the fork 
was held upon the stand, swellings immediately appeared, what- 
ever might be the relation between the note belonging to the 
jet and that of the fork. 

With small tuning-forks which did not possess either the ori- 
ginal note of the stream or notes simply related to it, I was 
unable to produce swellings even when the forks were placed 
upon the stand. I was equally unsuccessful with an organ-pipe 
0°63 metre long, which was screwed upon the stand and sounded 
by means of a distant bellows through a tube. 

It is of course understood that this behaviour only relates to 
the apparatus mentioned in § 117, and which I usually employed. 
In another instrument less strongly made, swellings were pro- 
duced by placing on the stand even smaller forks, whose tones 
were neither the same as, nor simply related to, that of the 
jet; and this occurred even when a greater water pressure was 


employed. 


The swellings are produced by the vibrations of the orifice through 
which the water flows, and not by the direct action of the undu- 
lations of the air upon the jet. 


129. It follows from these experiments, that the swellings are 
chiefly caused by the oscillations imparted to the vessel from 
which the water flows; and that, on the contrary, the direct 
communication through the air of the undulatory motion of the 
sonorous body acts upon the jet only to a very slight extent, or 
not at all. 

130. The fact that swellings are occasioned by sounding bodies 
which give either the same note as, or a harmonic of the note of 
the jet, and which, being held in the hand, cannot commu- 
nicate their motion otherwise than through the air, does not 
prove that the changes are effected directly through the air. For 
we must not forget that when the peculiar note of the jet is 
heard, the vessel from which the water flows invariably gives 
forth a note as well. Hence the peculiar note of the jet is de- 
pendent upon that which the vessel itself would give; and the 
former must stand in some simple relation to the latter. When 
therefore a note is sounded which is simply related to that of 
the jet, it must be also simply related to that of the vessel. 
Consequently the vibrations of the sounding body, although 
only propagated through the air, augment the vibrations of the 
vessel, and, as will be shown more clearly in the sequel, the form 
of the jet is thereby changed. 

131. If the note produced by a body held in the hand be suf- 
ficiently strong, its vibrations are communicated to the vessel 
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even when the note sounded is not the same as, nor a harmonic 
of, the note belonging to the vessel. If the tuning-fork (§ 126) 
be fastened to a large sounding-box, and, after beg struck, be 
approached to the stream, swellings are produced even by a much 
greater water-pressure than when the fork is used without the 
box. 

132. If the pressure under which the water flows out be so 
chosen that the tuning-fork without the sounding-box produces 
no swellings when held at some distance below the orifice whence 
the water flows, when the fork is then approached quite close to 
the opening, without of course touching it, swellings immediately 
appear. 

PP his is an additional proof that the vibrations of the sonorous 
body are not communicated to the stream directly through the 
air; for if such were the case, the swellings must occur indiffer- 
ently, whether the sounding body be approached to the upper or 
lower portion of the jet. 

133. In order to prove the effect of the vessel, and especially 
of its bottom, the following experiment was made:—Into the 
bottom of the vessel a plate was introduced provided with a 
casing projecting downwards of 3 centimetres diameter, having 
an orifice of the same width. A second casing furnished with a 
plate, cd (fig. 4), in which the exit-orifice for the water was 
situated, was fastened to the first case by means of a caoutchouc 
tube, a, of the same diameter and 8 centimetres long. In this 
manner the hole for the flow of water was only connected with 
the reservoir by the caoutchouc tube. On allowing the water to 
flow out of the apparatus so arranged, the caoutchouc tube 
became elongated, and the plate with the efflux-orifice began to 
vibrate in such a manner as to render an examination of the 
jet impossible. To avoid this, the plate ¢d was made 15 cen- 
timetres in diameter, and was supported upon two cushions, # 2, 
of soft woollen cloth. The cushions themselves rested on a firm 
support, that is, upon a board, fg, provided with a hole 6 cen- 
timetres in diameter, through which the jet fell. This board, 
J 9 was also separated from the stand PPQQ by means of 
woollen cushions, < z. 

134. After the vessel had been so arranged, if Neef’s hammer 
was screwed upon the foot P Q of the stand PP QQ and set in 
vibration, no swellings were formed. But on connecting the 
plate ¢d by means of any solid body with the bottom AB of the 
vessel, as by slipping a piece of wood between AB and ed, 
swellings were formed of full size and distinctness. 

The action of the wood or of the solid substance introduced, 
consists in its communicating to cd the same vibrations as occur 
in the bottom of the vessel. In the absence of this solid substance, 
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the vibrations can only be communicated to the plate through 
the water, and then no swellings are produced. At first 1 em- 
ployed a tube of vulcanized caoutchouc. But in this case swell- 
ings were formed even when no solid body existed between the 
plate and the bottom; and these swellings were not much in- 
creased in strength when a piece of wood was introduced. The 
commercial vulcanized tubes of 3 centimetres in diameter are, 
however, rather stoutly made, and hence it happened that the 
vibrations of the bottom were communicated through the caout- 
chouc to the plate cd. On employing a tube of very thin non- 
vulcanized caoutchouc, no such communication took place. 

135, Hence there appears to exist no doubt that the swellings 
are produced by vibrations in the bottom plate. Inasmuch, 
however, as this plate cannot vibrate without setting the mass 
of water in the yessel in similar vibrations, and as, inversely, 
the vibrations of the water set the bottom plate or the edge of 
the egress-orifice in vibration, it follows that both exercise their 
influence upon the formation of swellings. But it follows from 
the experiments described in the preceding paragraph, that the 
vibrations of the bottom plate, or of the edge of the egress-orifice, 
are the immediate cause of the swellings. 

136. If, while the stream is flowing out, a soft body be held 
below against the bottom plate AB, the swellings undergo an 
appreciable but inconsiderable alteration. We must not, how- 
eyer, conclude from this that the bottom does not vibrate. For 
if a body which is not too soft, such as a plate of cork, be pressed 
by the hand against the bottom, the vibration is felt through 
this plate as soon as the sounding tuning-fork is placed upon the 
stand, or as soon as the battery is connected with the Neef’s 
hammer, which is screwed upon the stand. 


The swellings change with the strength of the note. 


137, The distance from the efflux-orifice at which the swellings 
begin, changes with the strength of the note which causes them, 
although the pitch of the latter remain the same. This distance 
is smaller the stronger the note. 

If the tuning-fork be struck and placed upon the stand at P, 
very strong swellings are immediately produced, the first of 
which often lies quite close to the efflux-orifice. In proportion, 
however, as the vibrations of the fork become weaker, the com- 
mencement of the swellings is depressed, so that the swellings 
often begin far down the jet. A similar effect is produced on 
sounding a note on a violoncello. 

138. It is not only when the jet flows out of a hole in the 
thin wall of the vessel that swellings are produced on placing 
the tuning-fork on the stand; the same are formed when it flows 
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through a tube which is narrowed towards the bottom. But in 
such a case they are less distinct and sharply defined than when 
the flow takes place through the thin wall. The same is true 
on employing the magnetic hammer or the violoncello. 


Nature of the swellings. 


139. It is known that the swellings consist of separate isolated 
masses of water. However regular their form may be, still the 
separate masses may be recognized in them. If, for instance, a 
piece of wire, or foil, or other light body be so held in the hand 
that one of its ends penetrates a little way into the jet, a uni- 
form pressure is felt when the substance is struck by the smooth 
part of the stream. But if it be struck by a swelling, a strong 
vibratory motion is felt. 

140. ‘A flame which is brought into the neighbourhood of the 
jet, burns calmly as long as it is held near the smooth part; 
it is disturbed on being held near a swelling. The separate 
masses of water which constitute the swelling, clearly communi- 
cate their motion to the air, and this agitates the flame; while 
the smooth part of the stream, being continuous, scarcely moves 
the air at all. 

141. In the investigations on the motions of liquids (Phil. 
Mag. ser. 4. vol. i. p. 1), I have already mentioned (§ 3) that a 
flame is not agitated on being brought near the continuous por- 
tion of the stream. I have found this confirmed. But if, stead 
of the flame of a candle, that of a Bunsen’s gas-lamp be used, 
the tap of which is only slightly opened, so that the gas escapes 
only under a very feeble pressure, then the flame is drawn a 
little down with the current when the latter passes through the 
burning gas. It follows from this that even the continuous por- 
tion of the stream draws the air somewhat with it; but with so 
small a force that, as soon as the gas leaves the burner under an 
increased pressure, the flame is not carried along with the current. 


Observations by means of a rotating mirror. 


142. The nature of the jet can be examined with greater 
accuracy if it be illuminated from a single point, and a mirror 
be used for observing it in, of a few centimetres in breadth and 
height, which revolves about a vertical axis. For the illumina- 
tion, a simple lamp in a dark room is sufficient; it is better, 
however, to employ a lamp in a lantern from which the light 
is directed by means of lenses upon the portion of the jet to 
be examined. In order to effect the rotation of the mirror, I 
generally employed a piece of clockwork, which was set up at a 
distance of about a metre from the stream. If the mirror remains 
in the same situation, only a small portion of the stream can be 
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seen init. In order therefore to observe the different portions 
of the jet, it was necessary to fasten the mirror with the clock- 
work upon a stand which could be raised or lowered at will. 
In the same manner the lamp was obliged to be fastened upon 
another stand in order to illuminate the different portions of the 
jet. 

: 143. When no note is sounded and all is in perfect tran- 
quillity, if the strongly-illuminated smooth part of the stream be 
viewed, a broad luminous surface is seen in the rotating mirror. 
If, however, swellings are produced by means of the magnetic 
hammer mentioned in § 125, and the mirror is adjusted to one 
of them, isolated separate luminous lines are seen in the mirror 
in the manner shown in fig. 5. 

144. These lines can only arise from the observed part of the 
jet either consisting of separate rounded masses, or having an- 
nular swellings—that is, alternating greater and smaller dia- 
meters. For if we imagine a small round mass of water—a 
drop—to remain in a fixed position, and the mirror in which 
the drop is seen reflected also to remain still, we can only 
see a luminous point, because the rounded mass of water only 
reflects the light fallmg upon one point of its surface in such 
a manner that it can pass from the mirror into the eye of the 
observer. If the mirror remains stationary without revolving 
while the drop is moving downwards, instead of a point, a 
luminous vertical line is seen. But if the mirror turns round 
while the drop is falling, the vertical line is changed into one 
inclined to the horizon, and under certain circumstances into a 
bent one, whose inclination is greater according as the mirror 
rotates more quickly. But at the place at which the drop was 
first seen, a second, then a third, &c. appears, each one forming 
a similar inclined or bent line of light. As, however, the mirror 
has already changed its position when the second drop comes 
into the place of the preceding one, the different drops are 
reflected simultaneously from different parts of the mirror, and 
hence the lines appear to run together side by side. The di- 
stance between these lines depends upon the angular velocity of 
the mirror. I have seen them most distinctly when the mirror 
turns once in a second upon its axis. 

145. These lines may also be seen if the mirror be not set in 
rotation by clockwork, but if it be moved backwards and forwards 
by hand. In this case, however, the lines cross one another and 
form a net-like figure, similar to fig. 6. 

146. If the continuous portion of the stream above the swell- 
ings be viewed by the mirror when swellings are produced by 
Neef’s hammer, and remain very constant, lines similar to those 
produced by the swellings are seen; these, however, are much 
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broader, having nearly the form of fig. 7, Frequently no inter- 
vals at all occur between them. They then form a luminous 
Hite which appears notched above, but irregularly bounded 
elow. 

147. It follows from the above, that when swellings are pre- 
sent in the stream, even that portion of it which otherwise ap- 
pears smooth to the eye has alternating greater and smaller 
diameters. But, as stated, this is only the case when swellings 
occur in the lower portion of the stream. When these are absent, 
the upper continuous part of the jet next the efflux-opening is 
perfectly smooth ; that is, its diameters continually decrease to 
the point where it begins to be turbid. 


Savart’s method of observing the jet. 


148, In order to investigate the different parts of the jet, 
Savart, as is well known, made use of the endless strap described 
by him*, provided with alternate bright and dark bands. In 
place of this strap we may employ, as Savart himself proposedt, 
and as has since been done by many other experimenters, a wheel 
provided with spokes, which is placed between the strongly- 
illuminated jet and the observer, or between the source of 
light and the stream, so that in the latter case the stream is 
between the wheel and the observer. If, then, the wheel be put 
into such quick rotation that the separate spokes can no longer 
be distinguished, the part of the jet above the swellings ap- 
pears quite smooth and continuous, presenting thus the same 
appearance as it does to the naked eye, only somewhat more 
faintly illuminated. But if the wheel with the spokes be placed 
opposite a swelling, isolated masses separated from one another in 
a yertical direction are recognized, if the proper velocity of rota- 
tion be given to the wheel. The form of these masses, however, 
cannot be recognized by means of the spoked wheel, even although 
the stream be illuminated in a darkened room by the system of 
lenses mentioned in § 142, 

149. A simple consideration is sufficient to inform us why 
the form cannot be recognized. If, namely, two motions occur 
in opposite directions, as is here the case in respect to the 
stream of water and the spoked wheel, the outlines of the sepa- 
rate moying masses cannot appear as they are in reality. We 
need only remember that two wheels, having spokes as broad as 
the spaces between them, and turning with equal velocity on a 
common axis in opposite directions, give the appearance (if the 
number of the spokes of the wheels is the same) of one wheel 
with the double number of spokes. Each spoke appears then 
half as broad as it is in reality. 


* Loc. cit. p. 349. t Loc. cit. p, 348. 
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If only one spoked wheel be employed, in conjunction with a 
dise placed behind it and provided with circular holes, when the 
dise and the wheel revolve in opposite directions, the holes no 
longer appear round, but oblong; and by using different dises, it 
is easy to convince oneself that the outlines always appear of a 
different form to what they are in reality. 

150. The anorthoscope described by M. Plateau, as well as 
the other very ingenious contrivances which this physicist has 
given for similar metamorphoses, depend, as is well known, upon 
this alteration in the outline. 

151. In order to make such alterations in outline visible, I 
have had an apparatus constructed by means of which two dises 
of the most different kind may easily be made to revolve in the 
same or opposite directions with the most variable velocities. 
The discs are made of thin pasteboard; so that any number of 
them, very various in respect to the shape and number of their 
orifices, may be easily procured. If such dises be covered with 
a solution of shell-lac, they do not absorb moisture from the air, 
and are very durable. Lach disc has its own axis; but both lie 
in the same horizontal line. Each axis receives its motion by 
means of a cord passing oyer a roller. The two rollers are 
parallel, but are placed vertically against a large brass plate, 
against which they are pressed by springs. On turning the 
brass plate, the rollers which are pressed against it turn also 
through friction. One of the two rollers may be moved along 
its axis. If the system is so arranged that the two rollers touch 
the brass plate on opposite sides of its centre, they revolve in 
opposite directions. If they both lie on the same side, they turn 
in the same direction. The nearer the moveable roller is to the 
middle of the plate, the smaller is its velocity. This principle 
of motion has already been employed by Mr. Faraday*, in a 
somewhat different form, for a similar purpose. 

* Poggendorff’s Annalen, vol. xxii. p. 601. 

+ The apparatus which I have had made is shown in Pl. I. fig.8. ab and 
ed are the two axes with their dises AB and CD. The axis ad is set in 
motion by means of the strap fy: the latter passes over the roller p, which 
is furnished with a projecting rim. Its axis is fastened in the frame z z, by 
which it is pressed by the spring & against the brass plate MN. The axis 
ed is set in motion in the same manner by means of the strap hh passing 
over the roller g. The axis mn of the latter fits into the frame az. The 
roller itself has no projecting rim; instead of this, there is upon the same 
axis mn the small metallic disc r, which is somewhat greater than the 
roller g. The dise r may be moved along its axis mn, so that it can be 
brought between m, the centre of the plate MN and n, or between m and 
q. The frame xz is fastened at 11 between points, and is so pressed by 
the springs // against the plate MN, that when the latter moves on its axis 
m, the dise r is moved by Fietion, and sets its axis mn, as wellas the roller 
q, in motion. 

In order to give the plate MN the necessary velocity, a pinion is fasts 
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Observation by means of the electric spark. 


152. In order to observe the form of an object which moves 
with great velocity, it is sufficient to illuminate it for a single 
moment. Hence the electric spark has been proposed for in- 
vestigating the jet. By its means, however, I have not been 
able to recognize more than that the swellings consist of separate 
masses. The form of these masses could not be determined, 
either by those who were engaged with me or by myself. I 
imagine that the cause of this is the following :—The rounded 
masses of which the swellings consist reflect the light emanating 
from a point in such a manner that the eye sees only the single 
point of each which is principally illuminated. Hence, when 
the stream is illuminated by the electric spark, the swellings 
appear like a string of pearls; but their form cannot be recog- 
nized, because the intensity of the light reflected from the 
remaining portions of the masses is too small to allow this, on 
account of the velocity with which the impression is lost. 


Observations by means of a very narrow rotating shit. 


158. Inasmuch as the means mentioned were not sufficient to 
recognize the form of the separated portions of the stream, I 
have had to scek for other ones. ‘The object has been com- 
pletely attained by the employment of a dise having a single slit 
in the direction of a radius, and not quite a millimetre in breadth. 
This disc must revolve before the eye with such velocity that we 
imagine the stream to remain continually visible, although its 
light can only reach the eye after the completion of a revolution. 
If the jet be viewed through the slit when it is moving from 
below upwards, that is, in the opposite direction to the stream, 


ened upon its axis m (which pinion is not shown in the figure), in which the 
toothed wheel RS works. The wheel RS is turned by a winch. 

A trifling arrangement is perhays deserving of mention, by means of 
which it is possible quickly to replace the pasteboard dises AB and CD 
by other ones. In order to set up a new paper disc, it is generally neces- 
sary to loosen completely the screw A by which the dise CD is fastened. 
In order to avoid this, the paper discs have in the middle a hole of the 
form ¢«, fig. 10. Upon the axis ed there is a small brass screw which has 
a projecting rim. In fig. 9, y represents this screw with its rim #. The 
circular part of the hole ¢¢ in the pasteboard dise fits exactly upon the rim 
wz, which is a very little conical. There is also a piece of brass, 8, upon the 
axis cd. The anterior form of this piece of brass has the form 77, which 
is shown in dotted linesin fig. 10. The piece of brass may be turned round 
the axis cd, and may be pressed against y by adjusting the screw A. Ifa 
pasteboard dise has to be set up, its hole, €«€, is passed over A and 8; the 
piece 8, which also serves the purpose of a washer, is turned and pressed 
by the screw A against the pasteboard dise. In order that, in taking off 
the disc, the piece 8 may be easily disengaged, it is advisable to introduce 
a couple of turns of a spiral spring, », in the rim @. 
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the form of the masses appears somewhat shortened, but incon- 
siderably so, because the slit is very narrow. Inthe same man- 
ner the form appears somewhat, but inconsiderably, lengthened, 
if the eye be so placed behind the disc that the observation takes 
place while the slit is moving in the same direction as the stream. 
Moreover the observation may be performed at the moment when 
the slit is parallel to the stream; and then the breadth of the 
latter appears almost the same as it is in reality, and it is also 
seen unchanged in the direction in which the water moves. All 
three kinds of observation may be employed in order to supple- 
ment one another. But the last-mentioned method of observing 
the jet is the surest, and it has also the advantage of allowing a 
much greater portion of the stream to be seen at once. 

154. The discs which I used had a diameter of 250 millims. 
As the breadth of the slit was at most 1 millim., it was about 
7eoth of the surface of the disc. The light which reached the 
eye from the jet on turning the disc, bore, consequently, the 
proportion of 1: 780 to that which was transmitted when no 
disc was there. It was necessary therefore to illuminate the 
stream very strongly if it had to be observed by means of the 
disc. In order to see the stream uninterruptedly, it was neces- 
sary to give 20 to 25 revolutions per second to the disc. Be- 
tween each two of these feeble impressions of light an interval 
of from ,}, to z;th of a second elapsed; and each impression 
endured for +55 to ;g;pth of a second. 

155. If, instead of one fine slit, four be introduced into such 
a disc, the observation cannot be properly performed. For if 
the velocity of the dise remains unchanged, it is true that the 
time of each separate impression of light remains also unchanged; 
but the impressions follow one another at intervals of from 4 
to ~i,th of a second; and this interval of time is too short for 
observation. If, on the other hand, the disc be turned more 
slowly, so that the times between the observations become longer, 
the slits pass more slowly before the eye, the outlines of the 
separate masses undergo a more considerable alteration, and the 
distinctness is thereby spoilt. 


Appearance of a jet without swellings when seen by means of the 
narrow slit. 


156. But if the apparatus as it is described in § 154 be em- 
ployed, the jet appears, everything being tranquil and no swell- 
ings present, as is represented in Pl. II. tig.11. This represen- 
tation is taken from a jet which issued from a hole 3 millims. 
in diameter, under a pressure of 5 centims. But all jets which 
issue from somewhat smaller, as well as from much larger cir- 
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cular openings, show a similar behaviour, as far as I have been 
able to observe them. 

The higher portion of the stream is smooth; and its diameter 
diminishes only very gradually to a. From & to 8, where it 
commences to become turbid, separate contractions appear. The 
parts of the jet between these assume more and more a sphe- 
rical form, Finally, the rounded masses separate and form di- 
stinct drops of various size and form, which follow one another 
irregularly. : 

157. The separation of the jet into distinct masses occurs, 
therefore, in precisely the same manner as is described by M. 
Plateau in the second series of his excellent investigations, ‘Sur 
les figures d’équilibre d’une masse liquide sans pesanteur*. 

158. The regularity with which the individual masses form 
and separate is, however, not very great. I imagine the cause 
of this to be, that at the considerable distance from the efflux- 
orifice at which the contractions begin, the velocity of all parts 
which lie in the same section (at right angles to the axis of the 
stream) is no longer the same. Hence also occur sometimes the 
very small drops which move laterally. The smaller the efflux- 
orifice, the greater is the number of these drops which are formed. 


Appearance of a jet with swellings when observed by means of the 
fine slit. 


159. The appearance of the jet is quite otherwise when swell- 
ings occur in it. It is true that the upper contmuous por- 
tion appears smooth to the naked eye, and even by help of the 
rotating disc, swellings can scarcely be recognized in it; but on 
employing the rotating mirror, we may convince ourselves, as has 
been already mentioned in § 146, that it has alternating greater 
and smaller diameters. It is very surprising, on employing the 
mirror, to see how the broad, luminous, smooth band shown by 
the stream as long as it has no swellings, immediately appears 
notched as soon as a struck tuning-fork is placed on the stand, 
or as soon as the magnetic hammer is set in action, 

Inasmuch as the swellings or differences in diameter of this 
part of the stream, especially at a small distance from the orifice, 
are so inconsiderable as not to be recognizable by means of the 
rotating slit, it is not possible to represent them in the drawing. 
Viewed, however, through the rotating slit, the swellings appear 
as they are represented in fig. 12. Above the first swelling at 
8, very small excrescences appear, which gradually inerease in 
size Their forms are very regular throughout. Shortly before 
separating as distinct masses from the stream, they are only 
connected by very narrow masses of water, which appear like 

* Taylor’s Scientific Memoirs, vol. v. p, 585. 


Prof. Magnus’s Hydraulic Researches. 175 


thin rods. From these thin masses of water, as they separate, 
small drops appear with great regularity between each two of 
the greater ones. These small drops are not to be confounded 
with the much smaller ones which move laterally, and which 
have been mentioned in the previous paragraph and in § 118. 
Such laterally-moving drops, it is true, are sometimes produced 
when the stream has swellings, but only when the note which 
causes them is impure, or when two inharmonious notes are 
sounded at the same time. These small drops, which regularly 
occur between two of the larger drops, and which fall vertically, 
give the appearance of a hollow cylinder placed in the middle of 
the swelling, as Savart has already mentioned. They are so 
small that a change in their form cannot be recognized even by 
means of the rotating slit. On the other hand, as Savart has 
also mentioned, the larger drops appear in some places broader 
than they are long, in others longer than they are broad. At the 
middle, where a swelling occurs, a spheroid is formed whose yer- 
tical axis is smaller than its horizontal one. On the contrary, 
at the point midway between two swellings they appear elongated, 
so that their vertical axis is greater than their horizontal one. 

160. It follows from Savart’s observations*, that by means of 
the band he employed with alternating light and dark stripes, 
he only observed the swellings to consist of isolated separate 
masses. The shape which he gives to the curve in drawing is 
rather a deduced than an actually observed one. The greater 
the credit due to him! The actual observation by means of the 
rotating slit is now very simple. 

161. If swellings are to be formed in a stream, the regularity 
in the separation of the drops must not only take place in such 
a manner that all the drops are equally great, but the time which 
elapses between the formation of two of them must remain con- 
stant, and the place also at which the drops separate from the 
stream must remain always the same. For it is only under these 
conditions that all drops on arriving at the same part of the 
stream, for instance at the middle of a swelling, are drawn out 
to the greatest extent in a horizontal direction, and that in the 
middle between two swellings they are vertically most elongated. 
It is just on account of their assuming the different diameters 
always at the same place, that they produce the impression of 
swellings. 

162. It would be erroneous to suppose that in a jet which 
does not show any swellings, the separated masses of water do 
not also change their form in such a manner as to appear at 
one time elongated, and at another flattened and broad. But 
these masses are not all of the same size, nor do they separate 

* Ann, de Chim, et de Phys, 2nd series, vol. liii, p. 349. 
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exactly at the same part of the continuous portion of the stream. 
Hence they do not all appear vertically elongated at the same 
part, nor all of their maximum breadth at another single point 
in the stream; but at one and the same part are found masses 
quickly following one another, some vertically elongated, others 
extended laterally ; consequently they do not produce the im- 
pression of regular swellings. But that the separated masses 
are always broadened, appears not only from observation with 
the rotating disc, but from the fact that the turbid part of the 
jet is always broader than the smooth continuous portion. 

163. The regular separation of the masses of water is con- 
ditioned by the vibration of the bottom plate, or, more exactly, 
by that of the rim of the efflux-hole (as appears from the experi- 
ment § 134). As this edge moves uniformly up and down, the 
velocity of the stream which flows out is alternately accelerated 
and retarded; and through these regularly alternating accelera- 
tions and retardings the alternating contractions and expansions 
are produced which, lower down the stream, effect its separa- 
tion into distinct drops. If these alternate accelerations and 
retardings are not present, the swellings are wanting, and the 
separation occurs at a greater distance from the efflux-orifice 
and with much less regularity. Probably, when swellings 
are present, the smaller distance at which the distinct masses 
separate contributes, to no small extent, to the increase of regu- 
larity ; for all motions in the stream are more regular at a small 
distance from the efflux-orifice than when more remote from it. 

164, The stronger the vibrations of the effiux-orifice, or what 
comes to the same thing, the greater the intensity of the note 
which causes these vibrations, the greater also is the difference 
between the alternating accelerations and retardings, and the less 
therefore the distance from the efflux-opening at which the sepa- 
ration takes place and at which swellings are produced. This has 
been shown by the observations given in § 137. 


The jet flowing out of a very narrow opening. 


165. The following observation furnishes an interesting con- 
tribution to the effects of the vibrations of the efflux-orifice. 

If water be allowed to flow from a narrow orifice whose dia- 
meter is less than a millimetre, the small drops into which the 
stream separates move quite irregularly, somewhat as represented 
in fig. 138. But on sounding a note, the particles arrange them- 
selves with great regularity : a certain number always follow one 
another immediately ; a somewhat greater interval intervenes ; 
then the former number of drops occur again, as is shown in 
PI.I. fig. 14. The greater intervals correspond to the elevations 
of the orifice. 


of 


~ 
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Formation of drops. 

166. If water be suffered to flow through a tap so that its 
velocity may be altered at pleasure, and if the tap be so adjusted 
that the drops are formed separately and at rather long intervals 
of time, the drops are seen at first to assume the form of fig. 15 
if the efflux-opening has a diameter of 8 millims.: this agrees 
with Savart’s representation. They then contract, as is shown 
in fig. 16, and immediately afterwards they fall. If this pro- 
ceeding be watched by means of the rotating slit, it is seen how, 
at the moment of dropping, a thin narrow thread of water (ad, 
fig. 17) is formed out of the contracted portion which connects 
the drop with the residual water. From this thread are gene- 
rally produced two or more smaller drops. 

167. More than one of these small drops are produced if the 
greater drops are formed in somewhat quicker succession. The 
residual liquid (a, fig. 17) is seen then after each separation to 
move backwards and forwards; and if during these undulations 
the new drop is separated, smaller drops are produced in greater 
number ; nor do they then all fall vertically. 

It is not difficult to understand how such undulatory motions 
give rise to irregularities in the separation. Similar irregular 
motions doubtless give rise, even in a stream without swellings, 
to small laterally-moving drops (§§ 118 and 158) at the extreme 
end of the continuous portion. 

168. If the formation of the drops be accelerated by adjusting 
the tap so as to gradually increase the flow of water, the drops 
are suddenly transformed into a continuous stream. Drops are 
also formed from this, but only at its extreme end. Moreover, 
in comparison with those which were formed quite close to the 
efflux-opening, they are very small, because the diameter of the 
stream rapidly decreases. It is sometimes possible so to adjust 
the tap, that the drops are formed at the efflux-orifice itself, but 
following one another with a velocity almost equal to that with 
which they are transformed into a continuous stream. In this 
condition only a slight percussion is required to effect this trans- 
formation and to cause the sudden junction of the drops. It is 
then very remarkable to observe how very different is the size of 
the drops which are formed in the two cases. 

These phenomena, which have doubtless been frequently ob- 
served, explain, as I imagine, the formation of the smooth con- 
tinuous part of the stream, as well as that of the small laterally- 
moving drops in the stream without swellings. 


The form of swellings which are disturbed by solid bodies, 


169. I cannot avoid mentioning some singular forms assumed 
Phil. Mag. 8. 4. Vol. 18. No. 119, Sept. 1859. N 
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by the stream, which show with what regularity the drops move 
in the swellings. 

If into the first, second, or any regularly-formed swelling when 
it is at its maximum breadth, a cylindrical body, for instance a 
glass tube (c, fig. 18) of 1 centim. in diameter, be introduced 
horizontally almost as far as the internal cylinder zz formed by 
the small drops, but with the precaution of not touching it, the 
swelling assumes the strange shape shown in fig. 18. The small 
drops pursue their way undisturbed, so that the internal narrow 
cylinder zz is seen unaffected. The greater drops, on the con- 
trary, are drawn by capillarity against the glass tube. In con- 
sequence, however, of the velocity which the water has attained 
in falling, smaller and greater portions of it pass continually over 
the glass tube by a, and are thrown out as drops of various mag- 
nitudes. At the same time a thin surface of water (za, fig. 18) 
is seen, which below d collects again to an irregular mass, and in 
which separate peculiarly-formed lines are seen by certain de- 
grees of illumination. 

170. If this portion of the jet be examined by means of 
the rotating slit ($ 154), it appears as is represented in fig. 19. 
The great drops are seen to be attracted by capillarity upon the 
glass tube, and thereby assume a long pointed form. As soon 
as they are separated from the glass they can no longer retain 
this form, they are decomposed imto several separate drops, 
which move, however, with the same velocity, so that they remain 
in concentric circles whose centre lies in the glass tube c. As 
long as these drops move uniformly, they appear to the unas- 
sisted eye like the thin surface of water zab. But at some di- 
stance down, more and more of them are thrown off laterally, 
whereby the expansion of the surface is diminished. 

Examination by means of the rotating slit furnishes no expla- 
nation of the peculiar lines which, by certain kinds of illumina- 
tion, are seen in this surface, z ab, fig. 18. Probably they depend 
upon the reflexion of the light from different drops of equal size. 

171. If, mstead of the glass tube, a fine wire be introduced into 
a perfectly-formed swelling, with the precaution that the narrow 
internal cylinder zz is not touched by it, the stream is divided as 
is represented in fig. 20. Here P denotes the fine wire, and zz 
the narrow cylinder. If the jet having this form be examined 
by the rotating slit ($ 154), it is seen that the drops in the two 
limbs, P X, P Y, into which the stream becomes divided, remain 
at equal distances from the wire P, and that the small drops 
which form the vertically-descending narrow cylinder Pz move 
at about the middle point of the distance between each two drops 
in PX and PY, just as they would have moved between the 
great drops if these had not been separated by the wire P. In 
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fig. 21 this appearance is represented. The drop a, which is 
divided by the wire P, is very plainly seen, but it is generally 
situated somewhat below P, as is shown in the figure. It is 
clear that the drop can only be seen on the wire P if the revolv- 
ing slit passes before the eye at the exact moment when the drop 
is upon P. Inasmuch, however, as the distance between two of 
the great drops is very much greater than their diameter, the 
slit passes before the eye very much oftener when the wire P is 
situated in the interval between the drops than in the interval 
when a drop is passing by. Hence the divided drop is seldom 
seen on the wire, but generally when it is already beneath it. 


Deviation of the jet on the approach of an electric body. 


172. If an electric body, such as a rubbed rod of glass or 
rosin, be approached to a jet which has no swellings at the part 
where it is still quite continuous, the jet is deflected somewhat 
as is shown in fig. 22, in which E E represents the electric rod, 
A B the vertical, and BC D the deflected part of the jet. 

173. If, in a similar manner, the electric rod be approached 
to the middle of a regular swelling when the electric action is of 
a certain strength, it is only the internal narrow cylindrical part 
2 z of the stream which is deflected ; so that this portion separates 
entirely from the swelling, somewhat as is shown in fig. 23. 

174, That is, the small drops which form the internal cylin- 
drical part, are much more easily attracted by the electric body 
by induction than are the greater drops which give the outer 
form to the swelling ; so that the lesser ones are deflected from 
their path, but not the greaterones. This deflection occurs with 
every small drop in the same mauner and at the same place; 
consequently they all pursue the same direction, and produce 
thereby the impression of a narrow curved stream, just as, with- 
out deflexion, they produce that of a narrow vertical cylinder. 
So great, however, is the regularity of the motions of the stream, 
that the lower swellings appear still quite unaltered after the de- 
flection of the small drops. 

175. On the approach of an electric body, besides the regu- 
larly-deflected internal cylinder, sometimes distinct streams of 
water proceed out of the swellings, which are as fine as threads 
of glass, and, like these, follow the electric body. ‘They are 
formed out of the fine drops which, as mentioned in § 159, 
sometimes spirt out laterally from the swellings when the note 
producing the swellings is not pure, or, which is the same, when 
two inharmonious notes are sounded simultaneously. 


N2 


180 Prof. Magnus’s Hydraulic Researches. 


Jets moving vertically upwards, or inclined at any angle to the 

horizon. 

176. Hitherto only those jets have been considered which 
flow from above downwards. All others, whether moving verti- 
cally from below upwards, or at any inclination to the horizon, 
behave quite similarly. All jets which issue from a perfectly 
circular opening are smooth and continuous close to the open- 
ing; at a greater distance they become turbid, and then have a 
greater diameter, separating at the same time into distinct drops. 
On examining the turbid portion by means of the rotating slit, 
the formation of the drops is seen to take place in a manner 
quite similar to that described in § 156, of streams flowing from 
above downwards, which are represented in fig. 11. The dimen- 
sions alone are somewhat different ; that is, the distances of the 
rounded masses from one another are smaller. 

177. Ifthe efflux-orifice, or the stand on which the vessel or tube 
is fastened bearing this orifice, is set in vibration by means of a 
sounding body, swellings are formed in these streams also in 
exactly a similar manner as in streams flowing vertically down- 
wards. But the swellings so formed are never so regular as in the 
former case, because the efflux takes place under a greater pres- 
sure, and is therefore less uniform. On examination by means of 
the rotating slit, these swellings behave, it is true, so far similarly 
to those formed in streams flowing vertically downwards as they 
consist of separate greater drops which change their form; but 
the smaller drops occurring between each two of the larger ones, 
described in § 159, are often entirely absent, or they are often 
so irregularly disposed as not to move either in the middle be- 
tween two of the greater ones, or in the same curve with them. 


Separation of the jet into two or three parts. 


178. At a certain inclination of the stream to the horizon, 
which may be different for the different pressures at which the 
water flows out, the larger drops often do not all pursue their 
paths in the same curve. They are then spread through a larger 
space, and give rise to the appearance which Savart* has called 
the “ Garbe.” 

179. This phenomenon is doubtless due to the very small 
motions communicated to the efflux-orifice perpendicularly to 
the direction of the stream by the vibrations of the sounding 
body, and which may be called transversal motions. 

Although these motions cannot be detected by the eye, they 
may be recognized by the hand. The efflux-orifice used in my 


* Loc. cit. p. 380. 
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experiments for these jets was cut in a plate at the end of a 
tube which could receive different inclinations. Savart appears 
to have employed a similar arrangement for these streams, as is 
seen in the drawings which he gives of them*. If the hand be 
placed on the tube while the sounding body is on the stand on 
which the tube is fastened, the transversal movements may be 
plainly felt. These movements give rise to similar ones in the 
continuous portion of the stream, which, although excessively 
weak, are sufficient to give different directions to the drops at 
the moment of their separation; so that they do not all follow 
the same curve, but are spread out over a greater space. 

180. Sometimes the “ garbe” is transformed into two or three 
streams which separate from the same point of the original 
stream, so that the latter is divided into two or three branches 
which often still show regular swellings. 

181. If such a divided stream be examined by means of the 
rotating slit, two or three different rows of drops, all emanating 
from the same place, are seen, which correspond to the number 
of branches into which the chief stream has been divided. But 
at the same time it is seen that the drops of the different rows 
do not all leave the point of separation at the same time. For 
if, for instance, two streams are present, it is seen how the two 
jets are formed of alternating drops; so that if the drops be re- 
presented by numbers in the order in which they separate from 
the continuous part of the stream, the one row contains the drops 
1, 3,5, 7, &c., and the other the drops 2, 4, 6, 8, &c. Simi- 
larly when three rows are present. Inasmuch as the drops of 
the separate rows always follow the same direction in such a 
manner as to describe the same curves, it follows that the drops of 
one kind, for instance the even ones, must leave the continuous 
part of the stream when it is in a definite place, and the odd 
ones when it has reached another place. Consequently a defi- 
nite relation must exist between the intervals of time m which 
the separations follow, and the times of the transverse motions ; 
so that the intervals between two drops belonging to one and 
the same branch must be equal to one transverse backwards and 
forwards movement of the stream. Since both the separation of 
the drops and the transverse motions of the stream are produced 
by vibrations of the efflux-orifice, in consequence of the latter 
being set in motion by the sounding body, not only in the direc- 
tion of the stream, but also at right angles to it, a simple relation 
must exist between these motions; and hence a division of the 
stream into two branches may easily take place : it is not so often 
possible to divide the stream into three branches. 


* Annales de Chimie et de Physique, 2nd serics, vol. lvi. plate 3. 
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This splitting of the jet also shows how great the influence of 
the vibrations of the efflux-orifice are upon the jet. 


LEiffect of a note upon jets issuing from angular openings. 


182. If we examine, by means of the rotating slit, a stream 
which flows out of an angular opening from above downwards 
during the existence of a note, we see that the higher portion, 
which shows with great regularity the singular forms described in 
the previous part of these investigations ($$ 44, 45, 61, 64), con- 
sists of a continuous mass of water, and that where the regularity 
is less, rounded masses are formed in the stream. At the com- 
mencement of their formation these masses appear to be com- 
posed of several spheres or drops, formed at the edges 77, 7,7, of 
the surfaces described in § 45, where these surfaces, even to the 
naked eye, no longer appear smooth and continuous. These 
spheres gradually unite to a single drop, which still at first 
shows traces of its derivation, but continually assumes more and 
more the spherical form. In fig. 24 the attempt is made to 
represent this appearance as it is presented by a jet flowing 
out of a long four-sided opening (§ 14), and seen through the 
revolving slit. 

183. If a sounding body or the magnetic hammer (§ 125) be 
applied to the vessel from which the stream flows, or to the 
stand upon which the vessel is placed, no swellings, it is true, 
are formed, as is the case with the circular orifice, but the forma- 
tion of drops begins (in consequence of the vibrations) at a less 
distance from the efflux-orifice, and at more uniform intervals 
of time, than when no note is sounded. In streams of greater 
diameter this action of the note is less noticeable, but in thinner 
ones it is very distinct. The influence which the vibrations of the 
efflux-orifice exercise upon jets which issue from angular orifices, 
is therefore precisely similar to the effect when the orifices are 
circular, although in the former case no swellings are formed. 


XXVIII. On Vivianite. By Atruonse Gacus, M.R.I.A.* 
fa “eas important functions which phosphates perform in 


organic nature, give peculiar interest to everything con- 
nected with the history of their occurrence as minerals. They 
are found in all formations, not excepting igneous rocks; but 
the crystallized phosphates are more usually found in the older, 
while the nodules or masses of phosphate of lime chiefly occur 
in the more modern formations. Vivianite is, however, a striking 


* Communicated by the Author. 
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exception to what has just been stated, as it has been found in 
the horns of the Irish elk, and even in human bones. 

Stalagmitic-like concretions and nodular masses of phosphates 
appear to be immediately derived from organic bodies, and may 
have been formed by the double decomposition of phosphate of 
lime, held in solution in water, by carbonic acid and salts of 
metallic oxides, or by the reverse action of soluble salts of me- 
tallic oxides upon earthy phosphates. 

One of the most interesting mineral phosphates is the blue 
protophosphate of iron, which, when crystallized, is called Vivian- 
ite, —the earthy varieties being known as blue iron earth, Angla- 
rite, &e. This phosphate is found either crystallized or amor- 
phous in all formations, from the oldest to the most recent ; and 
there is no doubt that it can be formed in a very brief space of 
time, as the observations of Schlossberger show that the blue 
matter sometimes found in the pus of ulcers has the composition 
of Vivianite, the iron being derived from the disorganized blood- 
corpuscles. 

Considerable doubt exists as to the true constitution of Vi- 
vianite. Rammelsberg assigned to a specimen analysed by him 
the formula 


4(3FeO, POS) + 2(3FeO, PO®) + 3Fe? 08, 2P0°+16HO, 
or 
6(3FeO, PO® + 8HO) +3Fe? 03, 2P0*+8HO. 


The observations of Barreswil upon Abich’s salt, 
3(FeO, SO?) 2(Fe? O?, 380°) +4HO, 


which he obtained of an indigo-blue colour, appears to lend sup- 
port to the view that Vivianite contains sesquioxide of iron. On 
treating the blue sulphate with phosphate of soda, he obtained 
a blue salt which was not decomposed by water. Rammelsberg 
assigned to this artificial phosphate the formula 


2(3FeO, PO*) +3 Fe? 03, 2P0°+ 16HO. 


The ordinary basic phosphate of protoxide of iron, obtaimed 
by adding a solution of basic phosphate of soda, 3NaO, PO, 
drop by drop, to a solution of a protoxide salt, and which has the 
composition 3FeO, PO®, is white when first thrown down, but 
gradually becomes blue on the filter. If the blue colour be 
owing to oxidation, it must take place very rapidly, and only a 
very small portion of sesquioxide must be necessary to produce 
the blue colour; for this is found to have penetrated the whole 
mass on the filter, even before it is wholly washed. 

This is further shown by dissolving a portion of the blue 
earthy phosphate in weak hydrochloric acid, and adding sesqui- 
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carbonate of ammonia, when a milky-white precipitate, appa- 
rently of phosphate of the protoxide of iron, is thrown down. This 
white precipitate, kept from contact with air, sometimes assumes 
a bluish tint on exposure tothe light. If, instead of using weak 
cold hydrochloric acid ih the preceding experiments, boiling acid 
be employed, the solution assumes a reddish tint, and the preei- 
pitate thrown down by the sesquicarbonate of ammonia is of a 
reddish colour ; the absorption of oxygen by the precipitate also 
takes place more rapidly in this case. 

If we employ caustic ammonia in the first instance instead of 
sesquicarbonate, the precipitate, instead of being milky white, 
has a reddish tint. The colour of the crystallized Vivianite also 
deepens, as well as the streaks, which, being bluish white, soon 
change to an indigo colour on exposure to the air; and even 
colourless crystals, as those from the greensand of Delaware, 
only become blue on exposure. The clay upon which the blue 
iron earth is found is generally whitish, showing that the iron 
present is protoxide; and it has been observed that the blue 
bloom is often formed only after exposure to the air. Berzelius 
considers that the white compound which becomes blue has the 
composition of 3 FeO, PO®, or rather a hydrate of it. It is no 
doubt the same compound which is first formed in the elegant 
process by which Becquerel has succeeded in producing erystal- 
lized Vivianite. He forms two cells, separated by a diaphragm 
of moist clay; in one he puts a solution of sulphate of copper, 
and in the other one of phosphate of soda; he then dips a copper 
rod into the solution of the copper salt, and an iron rod into the 
solution of the phosphate, and brings the two rods into connexion. 
After a time white crystalline nodules are deposited on the iron, 
which quickly become blue on exposure to the air. 

It is not, however, by oxidation alone that Vivianite can be 
produced; the circumstances under which many specimens are 
found, show that its formation is due perhaps oftener to deoxida- 
tion than to oxidation: thus im Cornwall it always occurs asso- 
ciated with pyrites, or magnetic iron pyrites. In the first, its 
production may easily be accounted for by supposing the forma- 
tion of the sulphate of iron and a double decomposition between 
the sulphate so formed and apatite. Perhaps the Vivianite 
often found filling the cavities of amygdaloidal trap may have 
been likewise formed in a similar manner. I have on one occa- 
sion observed it coating, like blue paint, zeolitic minerals found 
in such cavities, clearly proving that its formation was posterior 
to that mineral. 

The most favourable circumstances, however, under which 
Vivianite appears to be formed by deoxidation, is during the 
decay of the organic matter of the bones. During the process 
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of decay, which in moist earth is necessarily very slow, carbonic 
acid, marsh-gas, hydrogen, and sulphide of hydrogen are evolved. 
In the presence of such gases, any sesquioxide of iron present 
would be reduced to the state of protoxide; in this state the 
carbonic acid evolved by the decomposing bone or surrounding 
organic matter is sufficient to dissolve it, as well as phosphate of 
lime, which under such circumstances would be rapidly taken up, 
as the experiments of Moride and Bobierre have fully established. 
Double decomposition would of course ensue between two such 
solutions, with a formation of phosphate of protoxide of iron. 

As plants contain a certain amount of phosphoric acid, and as 
during their decay the same favourable conditions for the reduc- 
tion of the sesquioxide of iron exist as in the decay of bones, 
Vivianite may be formed wherever vegetable matter decays in the 
presence of compounds of iron. For example, the ashes of peat 
often contain as much as 3 per cent. of phosphate (part being 
sometimes phosphate of iron); and consequently peaty soils or 
turf moors may be expected to present the conditions essential 
to the formation of blue iron earth. It has accordingly been 
found in many bogs in almost every county of Ireland. 

The specimen of iron earth which I desire at present to con- 
sider, presents an excellent example of this kind of reducing 
action. This specimen was obtained from the margin of the 
bog of Allen; the blue phosphate is disseminated through a mass 
of clay and sand mixed with peat, or rather what appears to be 
carbonized peat. 

The clay itself exhibits traces of combustion, and it appears to 
be slightly baked here and there; it very probably formed part 
of a peaty soil burned for the purpose of reclaiming the land. 

The remains of the plants usually found in peat are observable, 
such as species of Sphagnum, hazel-nuts, Erica; a stem of the 
last-named plant in a perfectly carbonized state, and also some 
hazel-nuts, are covered over with the blue iron earth. 

The question naturally suggests itself, whether the action of 
fire would have had anything to do with the production of the 
blue phosphate? There can be no doubt that blue phosphatic 
compounds may be formed at a high heat. 

If phosphate of magnesia, or lime containing traces of iron 
and intimately mixed with organic matter, be submitted to a 
strong heat, it frequently acquires a sky-blue colour, evidently 
due to the formation of a phosphate of iron. This blue colour 
may often be seen when phosphate of ammonia and magnesia 
is burned in a filter containing traces of iron: a slight trace of 
carbonic acid is evolved on moistening the phosphate with an 
acid, indicating that some of it has been decomposed. 

Kyen if we admit that Vivianite contains sesquioxide of iron, 
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we cannot thereby solve the problem of the blue colour. Beu- 
dant suggests that it may be owing to the hydration of the phos- 
phates, instancing the example of the white anhydrous sulphate 
of copper becoming blue on taking up its water of crystallization. 
This might account very well for the production of colour m 
compounds which pass from the anhydrous to the hydrated con- 
dition, but cannot apply to the phosphate, inasmuch as the white 
phosphate precipitated from protosalts of iron is hydrated while 
in the white condition; and it has never been shown that there 
is any change im the quantity of water in passing from the blue 
moditication. Then there is the formation of a blue phosphate 
in the crucible, under conditions which preclude the possibility 
of water of hydration. The change may be allotropic, or per- 
haps like the change of colours which light produces in some 
kinds of glass, which gradually assume a decided pinkish tint, 
although at first free from colour. This tint is due to manga- 
nese ; but how are we to account for the gradual development of 
the colour ? 


XXIX. On the Relation between the direction of the Vibration of 
Light and the Plane of Polarization, and on its determination 
by means of Diffraction. By Frinpricu Etsentour of Hei- 
delberg*. 


ae question whether the particles of «ther in a ray of polar- 
ized light vibrate perpendicularly to the plane of polarization, 
or in that plane, has been lately revived and earnestly discussed. 
Two distinguished observers, Stokes and Holtzmann, have endea- 
voured to decide the point by help of the phenomenon of diffrac- 
tion ; but though the availability of this method cannot be denied, 
yet the two experimenters in question have in fact arrived at 
different conclusions. As Stokes has not communicated his own 
experiments, and as he does not appear to doubt the accuracy of 
those of Holtzmann, we shall direct our attention principally to 
the latter. 

Holtzmann found that a ray of polarized hght which passed 
through a glass plate, and was diffracted at its lower surface 
through a grating of lampblack, was diffracted in greater quan- 
tity when the plane of polarization before diffraction was parallel 
to the bars of the grating, than when perpendicular; or, gene- 
rally, that the plane of polarization of the incident ray was in 
the diffracted ray turned towards the direction of the slits of the 
diffraction grating. According to the theoretical considerations 
that had led both him and Stokes to these experiments, this 


* Translated from Poggendorff’s Annalen, vol. civ. p. 337. 
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result seemed to favour the conclusion that the ether vibrated 
in the plane of polarization. But though it is true that the ex- 
periments of Holtzmann thus indicated a twisting of the plane 
of polarization in the opposite direction to that which Stokes, 
according to his hypothesis, had anticipated, yet on the other 
hand it must be observed that this twisting was, on the average, 
actually twice as great as it ought to have been according to the 
observer’s own calculations ; so that it was at all events very bold 
to regard those experiments as supporting a theory with which 
they agreed so ill. I, at least, concluded that neither of the two 
theories could account for the actual results observed, and that 
it was necessary to subject the phenomenon of diffraction out of 
one medium into another to a more accurate examination than 
it had hitherto undergone; and accordingly, by assuming with 
Stokes that the «ther vibrations are perpendicular to the plane 
of polarization, 1 found that we are led to formule which agree 
very well with the experiments of Holtzmann. 

The great work of Stokes on diffraction has unfortunately not 
been accessible to me; but what both he and Holtzmann have 
to impart concerning the theory in question in communicating 
their experiments, may be briefly summed up as follows :—The 
zther-vibrations in a ray of light which falls perpendicularly on 
a diffraction grating, proceed parallel to the plane of the grating ; 
if therefore the light be diffracted, the vibrations may be divided 
into such as are perpendicular to the diffracted ray, and such as 
are parallel to it,—the former alone giving rise to the diffracted 
light, the latter being wholly without influence on the diffrac- 
tion; from which it follows that the plane of vibration of the 
diffracted ray is always parallel to the vibrations of the incident 
ray, and, further, that if the vibrations of the incident ray make 
the angle y with the plane of diffraction (i. e. the plane that 
contains both the incident and the diffracted ray), while those 
of the diffracted ray make the angle y', 8 being the angle of dif- 
fraction, then 


Whether, however, the longitudinal vibrations are really with- 
out any effect, deserves more particular investigation. We shall 
see directly that they produce an effect even in the case of dif- 
fraction in a single medium, but that when diffraction takes 
place im the passage from one medium to another, as in the 
above-mentioned experiments of Holtzmann, their influence 
admits of no doubt. I would here advert to the formule which 
Cauchy has adduced for the intensity of reflected and refracted 
light. Assuming the two hypotheses, that when an ether wave 
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arrives at the bounding surface of two mediums, the motion of the 
zther at this surface must be the same, and also must be conti- 
nuous in both mediums, but taking into account therewith the 
longitudinal vibrations, he found that the formule previously 
enunciated by Fresnel, which had not regarded these vibrations, 
must be modified. These modifications were confirmed in the 
most remarkable manner by the researches of Jamin. The 
accuracy, indeed, with which the observed elliptic polarization, 
and the intensity of reflected light, fulfil the hypotheses of 
Cauchy is so great, that it hardly leaves a doubt of the sound- 
ness of the theoretical basis of the latter; and particularly the 
hypothesis advanced by Cauchy, that the vibrations of the par- 
ticles of ether in polarized light are perpendicular to the plane 
of polarization, must be regarded as established. I have accord- 
ingly felt no hesitation in applying to the theory of diffraction 
the above-mentioned conditions, viz. that the motion of the par- 
ticles of ether at the bounding surface of two mediums is the 
same, and is continuous in both. In this way I have found that 
the longitudinal vibrations, in this case at all events, exert a con- 
siderable influence; much greater, indeed, than in the experi- 
ments of Jamin, since in these experiments a magnitude had to 
be considered which depended on the very small difference of 
the length of the waves, or, more correctly speaking, of the co- 
efficients of absorption of the longitudinal vibrations in the two 
mediums, whereas the intensity of diffracted light depends on 
the product of these coefficients. For the present I shall con- 
tent myself with announcing the results I have obtained, and 
indicating generally the methods by which they were arrived at, 
deferring the more detailed calculations to another occasion. 

We might expect to be not far out in determining the relative 
intensity of rays of light that vibrate perpendicularly to the plane 
of diffraction and those that vibrate in that plane, if we regarded 
the ray diffracted out of glass into airas generated by the refrac- 
tion of a ray whose direction is connected with that of the dif- 
fracted ray by the law of Snellius, but whose vibrations are 
parallel to the surface of the glass. In this way, with the assist- 
ance of the above-mentioned conditions, we get a formula which 
agrees tolerably well with the experiments of Holtzmann. But 
the perpendicularly incident light is replaced in its effect on the 
diffracted ray by an oblique pencil on the surface of the glass 
itself, though not in the stratum lying infinitely close to that 
surface, which it is necessary to consider according to the prin- 
ciple of continuity. If this be so, we get the more accurate 
equation now to be communicated. 

Let y and y’ have the same meanings as before, let x be the 
index of diffraction for glass, X the length of a wave in glass, 
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ae the coefficients of absorption in glass and air, that is 


Xr 

Bi (og 

to say, the logarithms of the proportions in which the longitu- 
Xr 
2a’ 
2' being the angle of diffraction ; then if n sin a= sin a’, we have 


dinal vibrations diminish when propagated in the path 


tan y cos (2—a!) 


14+2sin($) ein f iss 


The following Table exhibits a comparison of the results of 


this formula with the experiments of Holtzmann.- In it I have 
1! 
= as 9°5. 


tan 9/ = 


assigned n its ordinary value 1°53, and have taken 


according to | Y according to 
a, y- y' as observed. oe eas G). the calculations 


of Holtzmann, 


10 36 45 36 44 27 44 34 45 9 
20 17 44 5 40 32 40 32 42 15 
20 35 45 36 40 52 41 57 43 43 
31 5 45 0 38 6 37 29 40 35 


32 17 45 36 38 4 38 9 40 49 


How well the observed values of y' agree with those calculated 
from formula (1), will be seen at once from this Table. The 
most considerable disagreement, that namely of 1° 5! in the third 
observation, may be accounted for on the grounds of an error of 
experiment, since this observation, for a diffraction renter by 
only 18! than the second, givesa totally different value of EBay 
If, however, no experimental error has really affected this se 
then I should imagine that the two observations must belong to 
two different diffraction-spectra; and I can see therein some evi- 
dence bet for colours that hie far apart in the spectrum, the mag- 


nitude —, must have somewhat different values, a conclusion 


i iF 
which on other accounts also is not without probability ; but 
perhaps it is not safe to rest an hypothesis on so small a number 
of experiments. 

It might be thought that, at all events, diffraction in a single 
medium would be governed according to Stokes’s laws. In order 
to observe the phznomenon, two glass plates, on one of which 
a diffraction grating had been scratched, must be so pressed 
together that, if possible, Newton’s rings may wholly disappear. 
But by means of formula (1) it may be anticipated that, in this 
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case also, the effect of the longitudinal vibrations will be even 
still more evident. The formula becomes 


banshee ee Tee, 5 See 
2, sin? = 

From what precedes, it will be seen how peculiar an interest 
the experiments referred to possess, even though they do not 
afford so direct a solution as had been anticipated of the problem 
immediately proposed. They ave, in fact, the best means of 
testing the existence of longitudinal vibrations in light ; and it is 
impossible to exaggerate the importance to science of a thorough 
and varied experimental investigation of these phenomena, since, 
besides the means they afford of coming to a conclusion on the 
soundness of the hypotheses here advanced, they throw light on 
this question of the existence of longitudinal vibrations. To 
return, however, to the point which gave rise to these experi- 
ments. I may observe that the view which the above formula 
involves, viz. that the ether vibrations in polarized hght are per- 
pendicular to the plane of polarization, receives so much support, 
not only from the agreement above pointed out between the result 
calculated from that formula and the experiments, but also from 
other considerations, that we may, I think, consider it as proved. 

I have already mentioned, with reference to this subject, that 
the remarkable confirmation which the calculations of Cauchy 
received from the experiments of Jamin, is a striking evidence in 
favour of the view concerning the direction of the ether vibra- 
tions which the former propounded as the foundation of his cal- 
culations, and which is the very one above stated. Another 
evidence is to be found in an old theoretical work of Fresnel, 
which unfortunately is too little known. 

From the phenomenon of aberration, we have reason to believe 
that the ether which surrounds the earth docs not partake of its 
motion. As, therefore, the light of a star which les im the 
direction of this motion undergoes some alteration on this 
account in the rapidity of its propagation relatively to the earth, 
as well in empty space as in the substance of bodies themselves, 
and this, too, generally in different degrees, we might expect an 
alteration in the refractive powers of transparent bodies for such 
light, so that the image of a star refracted through a prism would 
be more or less displaced. This displacement must, it would 


c 
seem, depend on the first power of a where ¢ represents the ra- 
v 


pidity of the carth’s motion, and w the rate of propagation of 
light ; it must therefore, like aberration, be measurable, and be of 


a 


ae 


Oh 5%" 
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opposite kind as ¢ changes sign, that is, according as the earth 
approaches the star or recedes from it. Nevertheless Arago, with 
the most accurate instruments, was unable to detect any such 
displacement. Fresnel, in a letter to Arago*, explained this 
negative result on the hypothesis that the elasticity of cther is 
the same in all bodies, but that its density is proportional to the 
square of the index of refyaction ; and it is not easy to see how 
the fact can be accounted for in any other way. This, at least, 
as is well known, was the hypothesis which was adopted by that 
physicist to explain the different velocity of light in different 
media, and which stands in necessary connexion with the doc- 
trine that ether vibrates perpendicularly to the plane of polari- 
zation. The confirmation, therefore, which the above hypothesis 
receives in Fresnel’s essay extends also to the doctrine in question. 
I may perhaps hope to assist in disseminating an acquaintance 
with the interesting demonstration given by Fresnel, by substi- 
tuting a simple geometrical proof for the algebraical one which 
he makes use of. 

Let LL! be a pencil of light A B 
incident perpendicularly on the & 
first surface A C of a glass prism, 
andsuppose it to issuefrom a star 
from which the earth is moving 
directly away. It will then pro- 
eced without deviation as far as 
PM. For the sake of simplicity, 
instead of the earth moving and 
the ether remaining at rest, sup- 
pose the earth to be at rest and 
the surrounding. «ther to move 
with the velocity C in the opposite direction. The density 
of the ether within the prism being, then, to that without, as A 


, sides ; : Fee 
to 1, its rate of motion in the prism will be Ai since the par- 


ticles of ether, which are at the surface AC at any epoch, must 
travel a unit of length from it in the same time that it takes 


those to the depth + in the prism to issue from it, so as to 


occupy in vacuo a stratum of space a linear unit deep. If, then, 
w denote the velocity of light, n the index of refraction, the wave 
of light PM, which begins to leave the prism at M, will move 


from P to N with the velocity ~ f. and if the time it takes 


A 


* Ann. de Chim. et de Phys. 1818, vol. ix. p- 56. 
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be ¢, we have PN=—S. Meanwhile a circular wave will 


have spread from the point M, and in the time ¢ will have 
acquired a radius tw; but at the same time it will have been’ 
carried back a distance ct, so that its centre, instead of being 
at M, will be at M’, a distance ctf within the prism (it being 
of course understood that the wave which has issued from the 
prism remains outside). The position of the emerging ray 
is therefore obtained by drawing from N a perpendicular upon 
the line M/R=tw. In order to observe this ray, however, the 
telescope must be brought into the position MR;; because if MR 
be its length, the zther moves from M to M’ in the same time 
that it takes a ray moving in ether at rest to pass over the di- 
stance M’R, so that the ray takes the resultant direction MR. 
Now the experiments of Arago have shown that this direction 
is identical with that which the refracted ray would have in still 
ether; at least so far as the accuracy of the experiments went, 


which took account of the ratio =; but not of its square. This 


fact may be used to determine A ; for if, from N, the perpendicular 
NS be let fall on MR, then, from what precedes, we must have 


MS=nPN=tw—cet x Drawing, then, MU perpendicular to 


BO, and UV perpendicular to MR, on account of the similarity 
of triangles RNS and URV, and of triangles NMS and MUV, 


we have 


NS. UV=RS.RV=MV.MS; 
and from the last equation it follows, as may easily be seen, that 


MS=RV=tw—et5, 


whence 
n __tw—RV_MR—RV 

Lice) fttanctege eM ME 
On account of the smallness of the angle M’RM, UR=VR 
nearly, and therefore MR—RV=M'U; and if TM’ be drawn 
parallel to UM, TM may be substituted for UM’, from which it 
differs inappreciably, and we get 

n MT snMM'T 


A MM'~ smMTM” 


in which only those magnitudes are neglected which depend on 


c , ; 
the square of —, and which therefore elude observation. 
w 
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But MM’T = NMP, and MTM’=180°—MNS, and also 
sn NMP_ 1 


sin MNS — N° Whence 
viz sinMM'T _ sin NMP me 1 
QA” snMTM'~ sn MNS _ 7’ 
or 


oi, 
which was to be proved. 

I have said above, that the law of density here assumed con- 
ditions also the hypothesis that the vibrations of light are per- 
pendicular to the plane of polarization. If, however, instead of 
the above supposition that the earth is at rest, we had considered 
that, as is actually the case, the surrounding zther is unmoved 
while the earth has the velocity c, the result is obviously the same ; 
the absolute velocity, however, with which the zther moves in 
the prism is now equal to the velocity of the prism itself, less the 
velocity it would have had in the prism at rest on the opposite 

Pra 
72 | ; that is to say, the ether is 
carried along with the prism, though not at the same rate. 
This result was confirmed latterly by Foucault by direct experi- 


n2—1. 1 
72 18 nearly 3. 


act c 
supposition, or c— A =e( 


ment with water, where 


XXX. On an Analytical Theorem connected with the Distribution 
of Electricity on Spherical Surfaces.—Part II. By A. Cay- 
LEY, Esq. 

(Continued from p. 127.] 


© ie theorem is certainly true ; but its existence gives rise to 

a difficulty to which I shall advert in the sequel. I pro- 
pose, in the first instance, to give a demonstration which starts 
from the expression for fz given by Plana’s equation (115), 
instead of the deduced equation which was the basis of my former 
proof. It will be proper to explain the origin and meaning of 
the formule. We have two conducting spherical surfaces, radii 
1 and 4, in contact with each other (so that the distance between 
the centres is 14+). And then, if z is the distance from the 
centre of the sphere radius 1 of an exterior point, and «(= cos 0) 
the cosine of the inclination of this distance to the line from the 
centre to the centre of the other sphere, the potential $(u, ) of 
the sphere radius 1 at the point whose coordinates are (a, ) is 
deduced from the potential fx of a point in the axis ; that is, if 


fe=Aot Ayat+ Aga? + &e., 
Phil. Mag. 8. 4, Vol. 18. No. 119. Sept. 1859. O 
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then 
b(, 2) =AgPy+ A,Pyw + AgPq2* + &e., 
where P,, P,, P., &e. are Legendre’s functions, viz. the functions 
of » which are the coefficients of the successive powers of # in 
the development of (1—2u#+2*)~* in ascending powers of 2. 
And the electrical thickness y at any point of the surface of the 
sphere radius 1 is given by the formula 
d x 
yao es) +2(u, 2), 
where, after the differentiation, z= 1. 

The problem consequently depends on the determination of 
the potential fx for a point on the axis; and this is determined 
by the functional equation 

b 1+b—2z ) its bh 

ibe 1+26-(1 ont ras she TR 
(Plana’s equation (G), in which I have written for 8, y, H their 
values, and substituted also for g its value =f). The solution 
of this equation is (equation (H), writing therein g=/) 

F ~ 1 
ilar J—z ais ae +6)—n(1+d)z 
: i 
"oat 1(1+d)—C+n(l +8) a” 
where P is an arbitrary constant guoad the functional equation, 
viz. any function whatever which has the property of remaining 


; : : 1+6—z ‘ 
unaltered when # is changed into 14 2%—( 45° Poisson, and 


—bh> 


Plana after him, arrive at the conclusion that in the physical 
problem P=O. It appears to me that there is ground for hold- 


for e=1 


P. 
(ap 
(which, if P were retained, would be a term occurring in the ex- 
pression for the thickness at the point of contact) is not of neces- 
sity zero. But the term, if it exists, can be replaced at the con- 
clusion ; and I write therefore 


x 1 wn 1 

fo= in Fen +8) —n( + Be ate aA +b)—(1+n(1 +4)) 
According to the process by which the solution of the func- 
tional equation was obtained, this is the true form of the solution ; 
for although the series are non-convergent, and the two sums 
are in fact each of them infinite, there is nothing to show a rela- 
tion between the number of terms which must be taken in each 


ing that this is only true sub modo, and that 
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series. However, nothing immediately turns upon this, as the 
expression is only used for obtaining an expression for fz in the 
form of a definite integral, viz., equation (36), 


dt P—(1—?'-*) 
fe=bh 9 Lt Faa=a) j 
or, equation (39), 
1 i oa 
1 Eee (1+4)(1—2) 
pes bh dt (t-i+—1)t 
(1+4)1—2)), 1-¢ 
the latter of which gives (equation (115), in which I have written 


for a its value way 


jas tft wehi=a)~ W(s353=5) } 


where Z'(p) is Legendre’s function ales Tp, which is develop- 


able in the form 
1 
'p Sp mp 


where B,, B,, &c. are Bernoulli’s numbers. 
This is the starting-point of the present investigation ; and 
attending to the equations 


log (+A) __ 1 
A vra rt ae 
log (1+-A) _.._ 
A '=0(4> 1), 


log (1+ A) 0» 
A 


1s erty 
we see that the development of Z'p becomes 


log (1+A)/0_ 0? “ 
A p UW eto — ke.) 


= log p+ +» Ree tie (r+), 


which, observing that 
log (1+A) _ 
(a 24) 


Z'p= log p+ 


logp=0, 
ean be expressed under the more simple form 
Zp = PEO A)iog (p +0). 
02 
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We deduce hence ’ 


ae hb log (1+ A) 1+b—2 
f-qeyady° AS {loe( qa +5) 


b 
ie Cessires) oe 0) } =: 
or what is the same thing, 
—log (6+ (1—2)(1+ b)0) } ; 
which may be converted into 
= Ab log(i+A)(? dt 
145 A » o+t(l—z) 


ab log fists Sge) { toe af Pads Sebo Sl GE oi Co eal 
as A »l—a+b+(1—a) +50 J, b4+(1—a)(1 +00 f? 


or what is the same thing, 


ae hb log(1+A)(' dt 
ee Ss peme = 9 O+i—tz 


eo, : dt 1 dt 
A ~ Ud, A +8)(1 +10)—2(1 +(1 +6)t0) { b+ (1+5)00—2(1+d)t 
the object of the transformation being to express fx so that # 
1 log (1+ A) 
ae The factor A 
which multiplies the first of the three definite integrals, might 
be reduced to unity, but it is more convenient not to make this 
change. 1 


Now if a fraction aS be operated upon by expanding in 


+0) 


may only enter under the form 


ascending powers of z, and multiplying the successive terms of 
the development by Po, P,, Pa, &c., it is converted into 
1 


(A2—2A Bua + Bx?)*” 
Hence from the foregoing expression for fz we pass at once to 
the expression for f(y, 2); that is, we have 


_ Ab log(1+A)( dt 
oUS 2) 146 A J, (A2—2A Bua + B2z?)? 


-Ueert ot - dt (" dt 
A oa Al?—9Q A'Blua =e B2x2)* BY Al2_9 A" B" wax rs B!'2z%)* ; 
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| where for shortness, 
A=6+t, A’=(1+8)(14+20), A”=54(1+0)00, 
B= f¢, B=1+(1+6)0, Bl= (1+4+08)00 
And it may be remarked that 
3 A'=1464+B", BI=1+B", A"=5+B". 
We thence obtain 


d 

2B?) + 24(u, 2) 

_ fb log crs’ (A? — B72”) dt 
146 A Jy (A2?—2AByur + B2x?)? 


— 
a 
Pia 
+ 
& 


ea (A’?— —B?a?)\dt dt (Al? — Bl2z 2) dt i} 
(A? — 2A'Blux + Bi222)3 :-{" (Are 2A" Bl" wx + Bl222)2 


and writing =1, 
a. hb log ama (A?—B?)dt 
1+b A o (A2— 2ABy, + B2)2 


log (1 Fo f (es (A’?? —B’?\dt 1 (A'?—B" )dt }. 
A (A? —2A'Bly + B2)2 = (AM2— 2A" Bly + Bl'2)2 


The integrals in the foregoing expression are of the form 
{ (G+ Héjdt 
o (L+2Mt+ Ne#)? 
The value of the indefinite integral is 
1 (NG—MH)t+ MG—LH 
LN—M?—(L4+2Mt+Ne2)2 
from which the value of the definite integral can be at once 
found. It is easy, by means of the values to be presently given, 


to verify that, in each of the three definite integrals, NG --MH=0; 
and the expression for the definite integral is therefore 


MG—LH 1 ert 
LN—M? paesroet Li 
In the first integral we have 
G=—F, ise 5, 
H=2s, M=d(1—p), 
N=2(1—p), 


whence 
LN —M?=27(1—,)(1+ p), MG—LH=—23(1+,), 
L+2M+N=0?+2(1—y)(1+4), L=2?; 
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and the integral is 


—b { 1 of ; 
I—n LVe420—p)(1t+d) OS" 
For the second integral we have 
G=b? + 2b, L=6?4+2(1—,)(14+4), 
H=20(1+0)0, M=(1—y)(24+4)(1+2)0, 
N=2(1—,)(1+4)?0?; 
and thence 
LN —M?=(1— y)(1+ )b°(1 + 4)?0?, 


MG—LH=—(1+,)s9(1 +4)0, 


L+2M+N=2?+2(1 me aaa ace 

=? +2(1—p)(14+4); 
and the oe of the integral is 

1 


aya —)O { ssi. (1+4)((1+0)?4+6(0+0%) 


1 
~ V8 4+2(1—p)(1 +5) 
For the third integral, 
G=)?, ier 
H=20(1+6)0, M=(1—,)d(1+3)0, 
N=2(1—p)(1+6)20%, 
and thence 
LN—M?=(1—p)(1 +)67(1 + 0)0?, 
MG—LH=—(i + )d9(1+4)0, 
L+2M+N=0?+2(1—p)(1+5)(0°+6(0+02)), 
i lee — 6; 
and the value of the integral is : 


1 t 
(1+4)(1—»)0 { Vb? +42(1—p)(1 +4)(0*+(0+0") ) if 
Hence the expression for y is 
—hb? — log (1+A) 1 1 
Y“(=w+s) OB Ve+214+u)(1+6) 2 
hb? log (1 +4) 
~ (L=p)(1 +4) o 


ns alae ei ah eh dl) yn De 
f Vb? +2(1—p)(1+4)((1+0)?+000+0%))  2?+ 201 —p)( ah : 
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hb? ~— log (1+.A) 


Fa=ya4) AT 


a ee 
Vb? 42(1 —)(1+5)(0°+4(0+02) ) b ; 


the top line is destroyed by the second terms of the other two 
lines, and we have 


_ =Ab?_—itog. (14+. A) 1 
“(l—p)(i+4) A SPORE eT cy 


1 : 
V¥0242(1—p)(1 +H(O+H0408) f° 
This expression admits of expansion in positive integer powers 
of 1—m; and when so expanded the result ought, according to 
Plana’s theorem, to be identically equal to zero. AndI proceed 
to show that this isin fact the case. The coefficient of (1— pe)! 
is to a factor prés of the form 


Hee C9) (1 +08-+0(0+0%))"—(0°+5(0408))"}, 


which is the sum of a series of terms each of the form 


lo 1+A) m—27 m—2n B\n 
BETA) 4 oy"? 10 40%)"; 


this is equal to 


log (1+A 
08 eb £(1+0)"-"0"—0"™="(1 4.0)" }, 


which is of the form 


BC+) £4 soy (1+0)0"}; 


where « + 8=2m is even, or what is the same thing, a—£ is 
even ; and, as remarked im the first part of the present paper, 
such expression is in fact equal to zero. The demonstration, 
which is very simple, will be given in a note; but assuming for 
the moment the truth of the proposition, the coefficient of 
(1—y)"~" is the sum of a finite number of evanescent terms, 
and it is therefore identically equal to zero. 

I consider this demonstration as identical in principle with 
that given by Plana; the same function is, by two processes, 
different indeed from each other, but which cannot but lead to 
the same result, developed in an infinite series of positive integer 
powers of (1—,) ; and it is shown that the coefficient of each 
power of (1—,) is equal to zero. But the difficulty I find is 
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that the investigation proves too much, viz. it appears to prove that 
y is actually equal to zero. There are undoubtedly functions such 


1 
as the function e” # (noticed by Cauchy and Sir W. R. Hamilton), 
which in a sense have the property in question, viz. that if we 
attempt to develope them in positive integer powers of a, the 
coefficients are found to be all of them zero ; and it would appear 
that y is, in regard to 1—y, a function of this nature. But it 


1 
cannot be asserted simpliciter that e- 2 and its differential coefti- 
cients do in fact vanish for z=0; they only vanish for z=0 
considered as the limit of an indefinitely small real positive or 
negative quantity. (This is quite consistent with a remarkable 


1 
theorem of Cauchy’s, by which it appears @ priori that e-# can- 
not be expanded in positive integer powers of 2, because it is 
discontinuous for the modulus zero.) And if, instead of a direct 

1 


application of Maclaurin’s theorem, we first expand e 2, say in 

positive powers of 1—z, and then develope the several terms in 

powers of 2, we obtain for the coefficient of 2°, or any other 

power of z, an infinite series, which I apprehend is not conver- 

gent, and which can only be equal to zero in the same conven- 
1 


tional sense in which e # is equal to zero for <=0. This ap- 
pears to be something very different from finding for the coefti- 
cient of 2°, or of any other power of z, an expression composed 
of a finite number of finite terms the sum whereof is identically 
equal to zero. 

Plana has given for the calculation of y when p is nearly equal 
to 1, anexpression (equation (127)) which is deduced from the 
same development of Z'p which is here made use of; but it 
appears to me that this expression is, for the following reason, 
open to objection. The expression referred to contains explicit] 
positive and integer powers of jw, and also powers of the radical 
Vi?+2(1—p)(1+4): it would be, for anything that appears 
to the contrary, allowable to develope as well the positive and 
integer powers of yas also the powers of the radical in question, 
in a series of positive and integer powers of (l—); but if this 
were done, we should obtain as a mere transformation of Plana’s 
expression (127), an expression for y developed in a series of 
positive integer powers of (l—); and for consistency with the 
before-mentioned result, the coefficients of the different powers 
of 1—p must be each equal to zero. But if this be so, it does 
not appear how the original expression (127) can be anything 
else than zero. ‘The difficulty is, I think, a real one; and I do 
not see how it is to be got over: it seems to render necessary a 
more careful study of the effect of the multiplication of the suc- 
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cessive terms of the development of a function fe by Legendre’s 
functions Po, P,, P., &c., so as to pass from fx to the function 
of two variables $(u, x), as well generally as when this transfor- 
mation is performed upon the as yet imperfectly studied trans- 
cendental function Z’. 

I remark that the original expression for fz is of the form 


fr=IEn sa —hbS, ewe 
pea op — yx’ 
and this gives (Plana’s Ye es (131)) 
2__ 9 12__ 12 
Y= WE, cee eee Ee 2153, P q a) 
° (p?—2pqu+ q?)* °(p?— 2plq'm +9")? 


the values of p, q, p’, g' being 
p=b+nl+s), p'=(n+1)(1+9), 


q= n(1+4), g=1+n(1+d); 
so that 


p—q=b=p'—q, and p'+q=2+464%M(1+b)=p+q+2. 
Hence, putting w=1, we find 
panse(Otd ve) Bsmy g 


which is inconsistent with the expression y=0, deduced from 
the definite integral. If, however, it is assumed that fz contains 


the term 2 then the corresponding term of y will be 


1 
P(1—2?) 
(1—2Qya + x2)? 
which, when »=1, becomes pee ; and if P be put equal to 
zero, then it is conceivable that, for z=1, —— > may be equal to 
P(1+2) ‘ 1— 
zero, but Te what will be the same thing, See (ap 5 may 


be finite or even infinite. This is perhaps the explanation of the 
apparent contradiction. 


Note on the demonstration of the Theorem 
log (1+A 
pete! {0*(1+0)’—0°(1+0)"} =0, a—£ even. 
ae the function 


ot) _ 64, 2), 
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which, it is clear, admits of expansion in positive integer powers 
of ¢ and z. Changing the signs of ¢, z, we have 
e—"(—t—z 
oat) (4, <2), 
or what is the same thing, 


e(ti+e2 
eet =¢(—t, —z2), 
and thence 


CAMEF A) — $(4, 2) —4(— —2) 


so that the development in positive integer powers of ¢, 2, of the 
function on the right-hand side does not contain any term ¢%2° 
for which a—8 is even. Writing the function under the form 
e(t+z)  e*(¢+2) 
ete.) etry’ 
and considering the two parts separately, then by Herschel’s 
theorem extended to two variables, the coefficient of ¢*z* in the 


first term is 
(1+A,) log {(1 +A,)(1 +A) } op 
G+Ajq+A)—-1 0% 


which is equal to 
log {(1+A,)(1+A,)} 
(1+A,)0+4,)—1 

or what is the same thing, 
log Zs +A) 


(I + 0,)*05, 


(1+0)%0°. 


And forming in Fe manner the expression for the coefficient of 
tz® in the second term, this is 


log . +4) (+ A) on 4.0)"; 


the difference of the two expressions therefore vanishes when 
«— is even, which is the above-mentioned theorem. It would 
be easy to obtain a variety of similar theorems. 


2 Stone Buildings, W.C., 
June 29, 1859. 
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XXXI. On the nature of Lactic Fermentation, and on an apparent 
conversion of Caseine into Albumen which accompanied the pro- 
duction of Lactic Acid in Milk eacluded from the Air. By 
Witiram K. Suriivan*. 


em ROvE four years ago I procured two samples of cow’s milk 

for the purposes of an investigation which I proposed to 
make upon the influence which age, temperature, food, and other 
variable conditions exert upon the relative proportion of the dif- 
ferent fats composing butter. The milk just drawn from the 
cow was introduced into clean well-stoppered glass bottles, and 
stoppered in such a way as to leave no air between the stoppers 
and the milk. Other occupations having prevented me from 
proceeding at the time with the inquiry, the bottles of milk were 
put aside in a cool place, not subject to very great extremes of 
temperature, and only examined during the last month. As I 
believe that the results of this examination may possess some in- 
terest in connexion with the composition of caseine and its rela- 
tion with albumen, and also with some of the interesting expe- 
riments recently made by M. Pasteur upon fermentation, I have 
thought them worth publishing. 

For some time after the bottles had been laid aside, no coagula- 
tion of the caseine took place. Ultimately it separated in the usual 
way, leaving a perfectly clear, bluish-green liquor. After some 
time the coagulum gradually disappeared, leaving only the butter 
floating through the liquid, which in time became almost colour- 
less. Granulations also appeared in the butter, some of which 
rested on the bottom of the bottles, and others attached them- 
selves to the glass. No further change was noticed in the ap- 
_ pearance of the contents of the bottles, which remained, however, 
unopened for about two years after the formation of the first 
granules. 

The contents of one of the bottles was poured upon a filter ; 
a perfectly clear liquid passed through, having a feeble yellowish 
tint and a strong acid reaction. The substance on the filter con- 
sisted almost wholly of the butter, mingled however with a small 
quantity of a nitrogenous body like coagulated caseine, and 
affording many of the reactions of that substance. It would, 
however, be impossible to say that it was unaltered, as the reac- 
tions which the coagulated forms of all the albuminous bodies 
afford are so similar that it is always difficult, if not indeed im- 
possible in the present state of chemistry, to determine which 
of these bodies we may he dealing with. 

Part of the glycerides composing the butter had been decom- 
posed and their acids set free. The granules which had been 


* Communicated by the Author. 
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observed to form upon the sides of the bottle, consisted of the 
solid acids of the series C" H" O4 in a crystallized state. This 
fact is interesting in connexion with the chemical changes which 
the substance known as bog butter must have undergone in time, 
as I shall show in a future paper. 

A portion of the filtered acid solution was distilled in a retort ; 
a faintly acid liquor came over, smelling strongly of butter. When 
neutralized with baryta, and the solution evaporated and set 
aside over sulphuric acid, crystals were obtained which had the 
characters of baryta salts formed with the volatile acids of butter. 

When a portion of the filtered acid liquor was treated with 
moist freshly prepared oxide of zinc, so as to neutralize a consi- 
derable portion of the free lactic acid, and then heated, it coagu- 
lated exactly hike a solution of albumen. A portion of the acid 
liquor, without the addition of oxide of zinc, on being evaporated, 
did not appear to produce in a very distinct manner the pellicle 
so characteristic of a solution of caseine. Bichromate of potash, 
iodate of potash, and ferrocyanide of potassium gave the usual 
precipitates in the acid solution, which may be obtained either 
with albumen or caseine. 

A portion of the acid solution, on being mixed with a solution 
of chloride of ammonium, coagulated on being heated. A similar 
result was obtained with common salt, chloride of potassium, 
sulphate of soda, sulphate of potash, and nitrate of potash. The 
larger the quantity and the stronger the solution of the alkaline 
salt, the lower was the temperature at which the coagulation 
took place. The precipitates formed at very low temperatures 
were soluble in pure water; but the solutions were not coagu- 
lated by heat, though precipitable by ferrocyanide of potassium. 
When recently thrown down and rapidly filtered, they dissolved 
in acetic acid. Strong alcohol also gave a precipitate in the ori- 
ginal solution. 

The distinctive tests for albumen are coagulation by heat, and 
when a free acid is present, coagulation on the addition of a salt 
with an alkaline base, the temperature of coagulation being 
less as the proportion of salt imcreases. So far, therefore, as 
these tests can be relied upon, it would appear that the caseme 
of the milk was converted into albumen in the presence of the 
lactic acid formed from milk sugar, in the absence of air. If 
this was a simple metamorphosis, it would support the view that 
caseine was merely an albuminate of soda,—so strongly held, 
among others, by M. Gerhardt. It is, however, very probable 
that the change is not so simple as this would make it: for how, 
in this case, was the lactic acid formed? A portion of the caseine 
must have first been modified into a lactic ferment, and the re- 
mainder converted into albumen, according as the lactic acid was 
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formed. A very small portion of the caseine would be sufficient 
to perform the function of ferment, so that the great mass might 
have been changed into albumen. 

With a view to ascertain whether the relative quantity of albu- 
men was in accordance with this view of the case, and also 
whether there remained any dissolved caseine not converted into 
albumen, I added, as Lehmann recommends, a strong solution of 
chloride of ammonium to the acid solution, and boiled it for some 
minutes, so as to wholly coagulate the albumen ; the boiled liquor 
was filtered, and a solution of sulphate of magnesia added, and 
again boiled: no precipitate was formed. It is usually considered 
that if, in such a case, caseine be present, it would be precipi- 
tated. But, although no substance having the properties usually 
attributed to caseine was present, the whole of the azotic matter 
was not precipitated by the addition of the alkaline salts. A 
considerable quantity of some other substance or substances 
remained in solution. Whatever this substance was, it putrefied 
very rapidly on exposure to the air, the liquor becoming in two 
or three days full of fungi and infusoria. 

This easily putrescent substance may, however, have been 
formed after the metamorphosis of the caseie into albumen. 
But, on the other hand, it is stated that in the putrefaction of 
fibrine there is produced, among other things, a substance which, 
according to Strecker, has the composition and all the characters 
of albumen* ; and, again, some chemists have been led to believe 
that caseine, as it is extracted from milk, is really a mixture of 
two different bodies. Schlossbergert+ digested well-washed 
easeine with dilute hydrochloric acid, and obtained a solution 
which, on neutralization with carbonate of ammonia, gave a 
white slimy body, which filtered with difficulty, while another 
body remained dissolved and was precipitated by hydrochloric 
acid in excess. Schlossberger found that the first body con- 
tained sulphur, and the second not. But, even after the sepa- 
ration of the second body, another substance appeared to have 
been left behind. Gerhardt did not think the experiments of 
Schlossberger and others conclusive: undoubtedly it may with 
truth be objected, that the different substances just described 
were products of the decomposition of the true caseine resulting 
from the action of the hydrochloric acid. This objection does 
not, perhaps, apply with the same force to the following experi- 
ment of Muldert. Having freed milk as much as possible from 
blood-globules, by the addition of common salt, he coagulated 
the milk with dilute hydrochloric acid; on separating the coa- 


* Gerhardt, Chimie Organique, vol. iv. p. 462. 
+ Ann. der Chem. und Pharm. vol. lviii. p. 92. 
{ Berzelius’s Jahresbericht, vol. xxvi. 
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gulum, he found that a similar body remained in solution, and 
could only be thrown down by boiling the hydrochloric acid 
solution. 

At present there is no satisfactory mode of accounting for the 
formation of caseine in the mammary glands. According to the 
observations of Lassaigne, made a considerable time ago*, the 
milk is alkaline, and highly charged with albumen forty days 
before calving, and only ten days before that period does the 
sugar of milk appear. Some writers also state that albumen 
sometimes exists in milk during inflammation of the mammary 
glands. Among others, Moleschott found it in cow’s milk, It 
may, however, be observed that Scherer prepared from normal 
milk a caseine coagulable by heat, and that where coagulation 
alone is depended upon, erroneous results may be obtained. 
Lehmann has drawn attention to this source of doubt; but, on 
the other hand, may it not be equally well asserted that the 
coagulable caseine of Scherer was no longer true caseine, but 
albumen? A phenomenon the reverse of this has, indeed, been 
observed in the case of the albumen of serum by Hofmann. 
When serum is digested at the temperature of 31° to 44° with 
a piece of rennet, the liquor becomes troubled in the course of 
about twenty-four hours, and little by little it becomes filled with 
a flocculent precipitate. The filtered liquor is perfectly neutral, 
and does not coagulate by boiling, but forms.a pellicle on evapo- 
ration exactly like caseine. 

An explanation of the phenomena of the change of albumen 
into caseine in the animal body, and the reabsorption of the 
caseine into the blood, would be of great interest; much light 
may be thrown upon these questions by a complete series of ob- 
servations carried out from the same point of view as those of 
Lassaigne, above alluded to. 

In describing the changes which the caseine of the milk un- 
derwent as a conversion into albumen, I have naturally assumed 
that the distinctive reactions between both those bodies, usually 
relied upon by chemists and physiologists, are such as fulfil 
the conditions which science demands. It is right, however, to 
state that, as distinctive tests, they do not, in my opinion, pos- 
sess the value assigned to them. I believe, and I am sure all 
who have worked upon the albuminous bodies will agree with 
me, that no known reaction can be relied upon as a satisfactory 
distinctive test between two such closely-allied substances as 
albumen and caseine. But even if we admit that the reactions 
which I have described do not prove absolutely the conversion 
of caseine into albumen, assumed to have taken place, the change 


* « Examen physique et chimique du lait de Vache avant et apres le 
part,” Ann. de Chim. et de Phys, 1832, vol. xlix. p. 31. 
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which the milk underwent in the course of three or four years is 
not the less interesting in several points of view, and especially 
as throwing considerable light upon the function of digestion. 

The production of lactic acid from lactine, during this pecu- 
liar metamorphosis of caseine in the absence of air, is perhaps a 
still more important phenomenon than that metamorphosis itself, 
inasmuch as it derives peculiar interest from the recent revival of 
the much-debated question of the nature of fermentation. 

Of the many hypotheses which have been proposed since the 
time of Stahl, two have especially divided the suffrages of che- 
mists, According to one, first proposed by Berzelius, vinous 
fermentation is produced by the kind of action which he de- 
scribed as catalytic, and which he supposed to be the result of a 
peculiar force exerted by simple as well as compound bodies, 
whether in the solid or liquid condition, upon other substances 
with which they come in contact. The consequence of this 
action is, that a new arrangement of the molecules of the body 
acted upon takes place without the elements of the intervening 
body necessarily taking any part in the formation of the new 
substances. According to Faraday, catalytic action does not con- 
sist in the development of molecular force by mere contact, but 
rather in an electro-chemical action between the bodies included 
in the sphere of action. 

Liebig, while adopting the fundamental idea that molecular 
motion may be transmitted to a quiescent body, so modified the 
previous view, that in his hands it became a large generalization, 
but differing in many respects from the hypothesis of Berzelius. 
According to Liebig, vinous fermentation may be looked upon as 
a species of putrefaction of a hydrate of carbon, or rather a meta- 
morphosis, in which the elements of such a compound molecule 
arrange themselves under the action of their special affinities into 
new groups. This putrefaction is induced by contact with com- 
plex azotic bodies in which putrefaction commences spontaneously 
in the presence of water—non-azotized bodies not being capable 
of themselves to initiate the change. The azotized bodies which 
are best adapted to enter into this spontaneous motion of their 
constituent molecules, are vegetable albumen, gluten, and other 
similar bodies: putrefying animal matter of all kinds is capable 
of inducing the same kind of change, but much less pertectly 
than those named. 

According to this view, Liebig considers yeast to be a sub- 
stance whose elements exist in a condition of change, the ferment 
behaving in every respect as an azotic body in a state of putre- 
faction or decay. Yeast produces fermentation as a result of a 
progressive decomposition, which it suffers by contact with water 
and the oxygen of the air, 
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According to the second view, fermentation is a vegetative 
process, consisting in the growth of a plant at the expense of 
the fermenting bodies. This view, which appears to have been 
first suggested by Erxleben, was adopted by Cagniard de la Tour, 
Schwann, Kiitzing, Quevenne, Dumas, Mitscherlich, and Mulder. 

There is this much in favour of the vegetative theory, that 
yeast is undoubtedly the mycelium of a fungus or mould (a Peni- 
cillium) in an abnormal condition. It consists of globules or 
free floating cells, without a trace of rootlets, which are capable 
of almost endless propagation, and which, from their submerged 
position, are forced into a peculiar habit of development without 
ever producing perfect fruit. 

Several observers, among others Hofmann and Berkeley, have 
followed up the development of individual yeast-globules in fluid 
surrounded in a closed cell with a ring of air, and have obtained 
the true fruit proper to a Penicillium, and to one too which has 
been more than once observed to grow on fermenting matter. 

It is also known that other species of mucor promote vinous 
fermentation as well as the true yeast plant: a case is recorded of 
the kind where a peculiar myceloid state of Mucor clavatus was 
developed in raisin wine, the latter being, nevertheless, of pecu- 
liar excellence*. 

But while there can now be no doubt that yeast is the myce- 
lium of a fungus, there is still much room for difference of opi- 
nion as to whether the plant be the primum movens of the 
decomposition of the sugar, or only ancillary to it. 

Pasteur has recently instituted a series of ingenious experi- 
ments, which have led him not only to adopt the plant theory, 
but to extend it to all other kinds of fermentation. He says, 
“That in the same manner as there exists in an alcoholic ferment, 
beer yeast, which is found wherever there is sugar, which breaks 
up into alcohol and carbonic acid, so there is a special ferment, 
a lactic ferment, always present when sugar becomes lactic acid ; 
and that if every plastic azotized matter may transform sugar 
into that acid, it is because it is a suitable aliment for the deve- 
lopment of that ferment.” And further, “ that there exist a great 
number of distinct ferments, all having their speciality of actiont.” 

He describes the lactic yeast to be formed of globules, or rather 
threads somewhat swollen at the extremity, and about ~3,th of a 
millimetre in diameter, and to be organized like beer yeast. It 
has long been known that carbonate of ammonia very much 
favours fermentation ; but Pasteur has explained the reason, by 


* Mag. of Zool. and Bot. vol. ii. p. 340, quoted in Berkeley’s ‘ Introduc- 
tion to Cryptogamic Botany,’ p. 295. 
ti+ Comptes Rendus del’ Académie des Sciences, vol. xlviii. No. 7 (February 
1859), p. 337. 
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showing that yeast can be rapidly formed in a solution of pure 
sugar if a salt of ammonia and phosphates be added. On trying 
the same experiment with lactic yeast, he produced a perfectly 
healthy lactic fermentation with a deposition of yeast-globules. 

In my paper “ On the presence of Ammonia and Nitric Acid in 
theSap of Plants*,”’ I dwelt upon the probability that plants derive 
the whole of their nitrogen from ammonia. There is nothing 
more natural, therefore, than that the yeast plant should be able 
to develope itself when provided with its proper food. But if 
the single cell constituting the yeast plant be capable of assimi- 
Jating ammonia and building up out of it albuminous bodies, is 
it likely that it would also possess the power of assimilating all the 
wide range of substances in all stages of alteration, which go by 
the name of albuminous bodies? The cell-wall of all the ferment 
plants is cellulose ; and yet one species produces vinegar, another 
alcohol and carbonic acid, and another lactic acid,—a difference 
of function which we can scarcely find between single cells even 
in the higher families of plants, where every cell may be said to 
enjoy a different chemical and physiological function. It seems 
more probable to suppose that azotic matter, in an active state, 
gives off ammonia (Schmidt showed that ammonia existed in 
fermenting liquorst),and that as the spores of fungi abound every- 
where, they at once grow and multiply, wherever the ammonia is 
thus given off, because there their proper supply of food exists. 
We know that even the diffusion of a solution of a salt into pure 
water is enough to produce a certain amount of decomposition : 
how much more so must this be the case during the exosmosis 
and endosmosis of complex and therefore unstable substances 
already in a state of activity, through the cellulose membrane of 
the yeast-cells. The primum movens may therefore be, as Liebig 
supposes, an azotic body in a state of change, the yeast-cells 
growing upon the products of decomposition, and therefore re- 
moving them from the field, while the flow of liquids through 
the cell presents greater facilities for decomposition by molecular 
action. According to this view, vegetation is not the primum 
movens, but the consequence of fermentation. 

Pasteur states that the origin of the lactic fermentation, in the 
experiments which he made, was solely due to atmospheric air. 
In the case of the milk examined by me, air could not have 
assisted, as it was wholly excluded. It may no doubt be ob- 
jected that the milk contained some air when it was introduced 
into the bottle. I grant it; but why did the lactic fermentation 
not set in at the usual time, and not after a considerable period, 

* Atlantis, vol. i. p. 413; and Annales de V'Histoire Naturelle for 


February 1859. 
t+ Annal. der Chem. und Pharm. vol. \xi. p. 168. 
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during which the whole of the oxygen must have been slowly used 
in oxidizing the casemme? Then, again, no trace of yeast-globules 
could be found in the milk when the bottle was opened; but 
after a few days mould and abundance of infusoria were developed 
in the liquid,-partially neutralized by zine. 

The growth of moulds, as for example the beautiful Penicillium 
glaucum, from milk-globules has been long noticed. Indeed 
Dutrochet states that he observed milk-globules changed into 
the spores of mould, or at any rate developed into moulds. But 
in all instances the growth of the fungi appears to have been 
subsequent to the production of lactic acid. Turpin*, it is true, 
supposed that the growth of P. glaucum might be the cause of 
the knotted condition of an engorged breast, the germination of 
the spores taking place in the undischarged milk in the lacteal 
ducts. But there is no proof whatever that any such growth 
ever took place in unaltered milk within the body. It is very 
probable that Pasteur’s lactic yeast was nothing more than the 
mycelium of Penicillium glaucum. 

If we recollect that the spores of some fungi are not more 
than ;,/;,/ in diameter, we may easily understand how germi- 
nation may take place as the result of an incipient decay wholly 
unrecognizable by chemical reactions. The quantity of ammonia 
required to feed such minute plants could not be detected by any 
means which we possess; and hence we might under certain 
circumstances be led to suppose that the germination may have 
preceded the change of the substance upon which the plants 

ew. 

The question raised by Pasteur is one of very great import- 
ance, because if we admit the existence of distinct ferments 
having each a speciality of action, we must of necessity also 
admit that the original cause of many diseases, both in plants 
and animals, is the germination of fungi,—and perhaps also the 
possibility of spontaneous generation. The latter M. Pasteur 
appears to accept. Experience, however, shows that although the 
spores of fungi abound everywhere, they do not succeed in 
germinating and growing except where certain favourable con- 
ditions exist. In all cases where fungi have been observed in 
the animal body during life, it has been on free surfaces, such 
as the external skin, the mucous membranes, &c.: J. Vogel, a 
very competent authority, states that he knew of no undoubted 
case of fungi having been found in the middle of the parenchyma 
of human organs. I believe that no case has ever been observed 
of the growth of fungi in the blood, bile, or other secretions 
during life; and yet there cannot be the slightest doubt that 
their spores continually find their way into the body. As an 

* Mémoires du Mus. d’ Hist. Nat, 1840. 
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instance of this may be mentioned the fact that the yeast plant 
is continually taken into the stomach, and yet fermentation does 
not ensue, except where the stomach is diseased, and then the 
yeast plant grows rapidly, as has been discovered by an examina- 
tion of the matter rejected from the stomach. The yeast plant 
has even been found under those circumstances where the patient 
has not partaken of fermented drmks. The fungus found in 
urine during acid fermentation, and which so closely resembles 
the yeast plant, has always been observed after the urme has 
been some time voided. There is no proof whatever that it ever 
germinated within the bladder during life. On the other hand, 
parasitic fungi are often found on putrid ulcers, but only on 
the uninjured skin or mucous membrane when it has become 
previously covered with a layer of exudated matter which has 
begun to pass into a state of decomposition. The growth of 
fungi, once established, may no doubt spread to healthy parts, as 
in certain skin diseases, and in bread mould, but it could never 
commence upon a perfectly healthy clean spot. 

I have lately had occasion to observe how completely the 
germination of the spores of fungi depend upon the existence of 
certain conditions. I laid aside some small beaker glasses 
covered tightly with filtering paper, and containing very strong 
solutions of salts, consisting of sulphates of potash and of 
chrome. The solution in one of the glasses had been treated 
with excess of ammonia, and boiled for some time, and then 
filtered to separate the small portion of the sesquioxide of 
chrome which had been precipitated. After a few weeks, the 
solution to which the ammonia had been added became filled 
with an extremely beautiful rose-pink-coloured mycelium of a 
Penicillium. Nothing grew in the others; but on adding some 
ammonia, the same mycelium was developed after some time. 

The supposition that the primum movens of fermentation is 
the growth of specific ferments, appears to me to be so far 
premature, that while there may be no doubt that the vegetable 
form developed during alcoholic fermentation could not produce 
the lactic, and vice versd, it has not yet been established that 
they are specifically distinct. May not the same plant be forced 
into different habits of development in its myceloid state? If 
the mycelium produced in each kind of fermentation or putre- 
factive change belonged to a peculiar species, it would be, to a 
certain extent, an argument in favour of the view that fermenta- 
tion is due to a vegetative process. But if, on the other hand, 
the same species may be forced into two different myceloid states, 
the establishment of the fact would go far to prove that the 
chemical change is the cause and not the result of the vegetative 
process, 

P2 
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The mycelia of most fungi are so exceedingly alike in the 
early stages of their development, that the free cells, beaded 
threads, and ramuli composing ferments, crusts in skin diseases 
(Porrigo, Favus, &c.), putrid matter, &c. may all be specifically 
distinct. Botanists have not, however, yet determined this point ; 
nor is it a problem of easy solution. Kiitzing, who has devoted 
great attention to this department of botany, in speaking, in his 
‘ Phycologia generalis,’ of the lower forms of plants which occur in 
fermenting fluids, and of the extreme difficulty of distinguishing 
them into genera and species, says that he once attempted to 
make the distinction, at a time when he had only investigated 
and observed a few of those forms, but that the extraordinary 
variety of the forms which a closer examination had made him 
acquainted with, had frightened him from the task. 

This subject suggests two trains of investigation which I would 
propose for the consideration of botanists and chemists. One 
would be to cause the spores of well-determined species of fungi 
to germinate in different kinds of solutions, both of imorganic 
and organic bodies, and observe the character of the mycelia 
formed, and the nature of the changes which take place in the 
fluids. The second would be to follow out, as has been done in 
the case of the yeast plant, the whole course of growth to full 
fructification, of all the cellular plant-like substances observed 
in the more definite characteristic kinds of fermentation and 
putrefaction. Such investigations would throw light not only 
upon the nature of fermentation and decay, but would open a 
new field of inquiry regarding the chemical changes which take 
place during the growth of plants; for in these experiments we 
should be able to operate as it were upon individual cells, every one 
of which probably possesses the same initial physiological value. 
Perhaps one of the results of the second investigation would be 
that the myceloid substance of many fermenting and putrifying 
bodies is formed of the mycelia of several species. 

But whatever theory of fermentation may ultimately be found 
to be correct, I do not think the formation of lactic acid in the 
experiment above described can be satisfactorily explained by 
the hypothesis of M. Pasteur. I have recorded the result in the 
hope of inducing him and others to investigate the subject fully, 
and especially from the point of view just suggested. Very im- 
portant results may be expected from the labours of such an 
observer as M. Pasteur, in a field which appears to be one for 
which he has a special predilection. 


EI, 
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XXXII. On the Composition of the Cape Meteorite. 
By Professor WOuLER*. 


HE remarkable meteoric stones which fell on the 13th of 
October, 1838, at 9 a.m., in the Bokkeveld, about seventy 
miles from Capetown, accompanied by the most fearful and 
widely-heard thunder-clap, present in their peculiar external 
condition the greatest resemblance to the stone that fell at 
Kaba in Hungary, on April 15th, 1857, the analysis of which 
the author has lately communicated. They are, like the latter, 
almost black, and consist of a soft incoherent mass in which only 
a few bright points can be discerned, and none of the little no- 
dules which the Kaba stone contained in such abundance. The 
Cape stone was analysed by Faraday as early as 1839; but no 
explanation was then given of its peculiar colour. It seemed to 
the author, therefore, that a new analysis of this stone would be 
of the greater interest, inasmuch as it afforded some prospect of 
discovering carbon to be the cause of the colour in question, in 
connexion perhaps with the same bituminous substance for which 
tlie Kaba stone is so remarkable. This conjecture was com- 
pletely verified by the following investigations, undertaken by 
Mr. Harris at the author’s request, and for which Director Hérnes, 
with the greatest readiness, afforded a small quantity of this rare 
substance. 

On heating a small portion of the stone in a tube, the pre- 
sence of bituminous matter was immediately recognized, a very 
distinct odour of bitumen being evolved. The whole of the 
small piece of stone available for the purpose was then powdered 
and boiled in carefully purified alcohol. On the latter being 
filtered, it was seen to have acquired a pale yellow colour; and 
on careful evaporation it left behind a soft, yellow, resinous or 
waxy substance, precisely similar to that from the Kaba stone. 
This substance was completely soluble again in alcohol, and, like 
aresin, formed a milky precipitate on the addition of water. On 
being heated in a tube, it easily melted, and then decomposed 
with separation of a black coal and evolution of a strong bitu- 
minous odour. On account of the small quantity of the material, 
it was impossible to examine it more accurately ; but there is no 
doubt that this meteoric mass, falling, as it did, to the earth 
from’planetary space, contains a carbonaceous substance which 
can have no other than an organic origin. 

That the almost black colour of the stone was due to inti- 
mately admixed amorphous carbon was easily shown. Heated 
to redness in the air, it became of a light clear brown. On being 
treated with acids the black colour did not disappear. Heated 


* From the Bericht d. kais. Akad, d. Wissensch. zu Wiem, vol. xxxv. p. 1. 


214 Prof. Wohler on the Composition of the Cape Meteorite. 


in oxygen it burnt at once to a light brown, with evolution 
of carbonic acid gas, the quantity of which was measured, and 
by that means the per-centage of carbon determined. The pre- 
caution was taken of separating the sulphurous acid, which was 
formed at the same time, from the carbonic acid by passing the 
gaseous product through a long tube filled with peroxide of lead, 
and thence through baryta water and solid moist hydrate of pot- 
ash, both weighed. As soon as the oxygen, which was absolutely 
pure, came into contact with the pulverized stone at a low red 
heat, the formation of carbonic acid evinced itself by causing a 
dense precipitate in the baryta water. In this manner it ap- 
peared that the stone contained 1°67 per cent. of carbon, without 
reckoning that in the above-mentioned hydrocarbon which had 
been previously dissolved out by means of alcohol. 

During this combustion it was remarkable how much water 
made its appearance, and this though the pulverized stone had 
previously been dried for some time at a temperature of 100°C. 
At the same time a slight crystalline sublimate was formed, which 
gave the reactions of sulphuric acid, and not less distimetly those 
of ammonia. It must for the present remain undetermined 
whether this water and ammonia were original constituents of 
the stone, or were formed from its elements, or whether, finally, 
the stone, by means of the carbon it contained, and of its loose 
earthy condition similar to clay, merely took them from the atmo- 
sphere. Faraday also found 6°5 per cent. of water in the stone, 
but he has not stated at what temperature he dried it. 

Hydrochloric acid dissolves from the stone much magnesia 
and protoxide of iron. Onlya very slight evolution of hydrogen 
accompanies the action of this reagent, showing that very little 
metallic iron can be present,—a result confirmed by the feeble 
action of the stone on the magnetic needle. Not the slightest 
trace of sulphuretted hydrogen is evolved during the process, 
showing that the sulphur, which analysis proves to be present, 
is not in the form of sulphide of iron or of magnetic pyrites. 
On the other hand, no iron pyrites can be present, since a por- 
tion of stone heated to a bright-red heat in a glass tube, does 
not give out the least trace of sulphur. If, however, it be heated 
in the air, a strong smell of sulphurous acid is immediately ob- 
served. This behaviour seems to show that the sulphur present 
must be in combination with nickel; but the total quantity of 
sulphur, 3°38 per cent., is much too great to form either the 
proto- or bisulphide with the observed quantity of nickel, 1:30 
per cent. ; so we must infer that the stone contains some com- 
bination analogous to sulphide of nickel and iron or magnetic 
pyrites, the sulphide of iron of the latter being represented by 
sulphide of nickel. Ifa combination of NiS + Fe? S° be assumed, 


Prof. Wéhler on the Composition of the Cape Meteorite. 215 


we get 1°3 per cent. nickel, 3°14 sulphur, and 2°50 iron, for 6°94 
of the compound, the small difference between the amount of 
sulphur thus calculated and that actually found being explicable 
on the ground of the presence of a small quantity of a sulphate 
of some kind. Hot water, indeed, actually extracts some sul- 
phate of magnesia; and the solution obtained by means of mu- 
riatic acid gave indications of the presence of sulphuric acid. 

Mr, Harris made three analyses of the stone—the first with 
carbonate of soda and potash, the second with hydrofluoric, and 
third with nitromuriatic acid—from which it appeared that the 
stone contained 5:46 of silicate insoluble in the latter acid. 
These analyses gave the following bodies as component parts 
of the stone. (The composition of the Kaba stone is subjomed, 
in order to show the great similarity between the two.) 


Cape stone. Kaba stone. 
Boma. SS. PS RGR 0:58 
Bituminous matter . . . O25 not determined 
iron ger. | re. tomer. DIBFOO 2°88 
mace tS A ee ee 1:37 
eupiues . J)... We OOO 1:42 
Suri aca. ©... .... BORO 34°24 
Protoxide of iron. . . . 29°94 27°41 
mirmemigy. 2220 22°19 
ee ee SY ee eG 0:66 
Braman OPP Eee BOB 5°38 
Oxide of chrome . . . . O'76 0°61 
Potash and soda . . . . 1:28 0:30 
Protoxide of manganese. . 0°97 0:05 
Spear ets tL hs Swear ? OOS 0:01 
Cobalt . ‘a i 
Phosphorus fv et races races 


The amount of metallic iron present could not be directly 
ascertained, but was calculated on the foregoing hypothesis. 
The total quantity of oxide of iron which analysis detected 
answered to 33°15 per cent. protoxide, from which 3:21 per cent. 
was deducted, and in its place metallic iron calculated to the 
extent of 2°5 per cent. 

By means of the nitromuriatic acid, chiefly iron and mag- 
nesia were dissolved out of the stone, with only a small quantity 
of lime, alumina, and protoxide of manganese. After subtrac- 
tion of the iron, which was considered as belonging to the sul- 
phide of nickel and iron, it appeared that the oxygen of the 
silicic acid (amounting to 28°22 per cent.) which had been com~- 
bined with the protoxide of iron and magnesia, was nearly equal 
to the oxygen of these bases; and that therefore, in this case 
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also, the mineral decomposed by the acid was a silicate of mag- 
nesia and oxide of iron of the composition of olivine, 


3(FeO . MgO) Si0®. 


Of the silicate not decomposed by the nitromuriatic acid, 
which only amounted to 5:46 per cent., an analysis was mdeed 
made; but the quantity available for the purpose was too small 
to give areliable result. It is very probable, moreover, that the 
silicate itself had been partly decomposed by the action of the 
acid. It can only, therefore, be stated that this silicate contains 
as bases, alumina, magnesia, lime,”protoxide of manganese, prot- 
oxide of iron, potash, and soda. Its silicic acid amounted to 
about 44: per cent. 

From what precedes, it may be taken as probable that the 
Cape meteorite consists of the following compounds :— 


Magnesian iron olivine . . . . 84°32 
Insoluble sihcate. .. 2 0.0.) 2) dG 
Sulphide of iron and nickel . . . 6°94 
Chromeate of intial ay .2 2, ee 
OAEDONA Tete elas vesirs oe cetera 


Bituminous matter. . . . . . °25 
Phosphorus, cobalt, copper . . . traces 
99°75 


[To this communication Haidinger subjoins the following par- 
ticular account of the fall of meteoric stones above mentioned. | 

The Cape itself, with its localities and characteristics, has been 
in a manner brought nearer home to us by means of the Novara 
expedition. To the north of the district of Worcester, visited by 
Scherzer, Hochstetter, and Selleny, the Warm Bokkeveld, and 
next to that the Cold Bokkeveld, immediately adjoins. In the 
last, fifteen miles from Tulbagh and seventy from Capetown, on 
the 13th of October, 1838, at 9 a.m., the meteoric fall occurred, of 
which an eye-witness, Mr. George Thompson of Capetown, on the 
28th of November sent a circumstantial account to Mr. Charles- 
worth, the editor of the Magazine of Natural History (vol. ii. 
p- 145). (See Lond. and Edinb. Phil. Mag. vol. xiv. p. 891.) Pre- 
vious to that date, on the 25th of November, Thomas Maclear, 
the highly talented astronomer of the Cape observatory, wrote to 
Admiral (then Captain) W. H. Smyth, R.N. (memorable in con- 
nexion with the Novara expedition, for the letters of troduction 
he gave our travellers to the former gentleman, who received them 
with so much attention), in the following words :—“I have for- 
warded to Sir J. Herschel a splendid specimen of a meteor that 
exploded about 100 miles from Capetown. The whole mass could 
not be less than four cubic feet. A pretty sort of solidification if 


a ee 
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it took place in our atmosphere! such an origin is scarcely con- 
eeivable.” (Phil. Mag. S. 3. vol. xiv. p. 231.) According to Mr. 
Thompson, the noise of the fall was fearful, louder and more pow- 
erful than the heaviest artillery ; the air was shaken for more than 
eighty miles in every direction. Several persons at Worcester felt 
a sensation at the knees as though of an electric shock ; and even 
there, at the distance of forty miles, the noise was compared to 
the rolling of rocks down a mountain. From the place of obser- 
vation on the borders of the Great Karroo, where Mr. Thompson 
happened to be in company with Mr. Justice Menzies, something 
similar to a Congreve rocket was seen to approach from the west, 
and, when almost over the heads of the observers, to burst into 
drops of fire, or, as it seemed, of transparent glass, At the time 
of the phenomenon, and still more on the previous night, all the 
mountains about Worcester and the Bokkeveld were continually 
illuminated with lightning; and throughout the whole district 
where the phenomenon was visible, a high state of electric ten- 
sion was noticed. A farmer saw the falling matter strike the 
ground before him. Many stones fell, in three spots, within a 
square of forty or fifty yards. Some fell upon hard ground, 
being thereby shattered into numerous small fragments; others 
upon soft ground, in which they buried themselves. According 
to the account given by Maclear in his letter to Sir J. Herschel, 
read at the sitting of the Royal Society, March 21, 1839, the 
fall took place while the air was still and sultry. The fragments 
were at first very soft, and only became harder afterwards. 
According to the account of E. J. Jerram of Capetown, the fall 
extended over a distance of not less than 150 miles in a straight 
line; so that stones were found with interruptions at distances 
of 10, 15, 20, 50, &c. miles. Those which fell near Tulbagh 
were by themselves estimated at several hundredweight, 

It would perhaps not have been difficult, immediately after 
the occurrence of the meteoric shower, for anyone possessed of 
the zeal and perseverance displayed by Freiherr von Reichenbach 
on the occasion of a similar event at Blankso, on November 25th ; 
18338, to have put together a learned account of this great cos- 
mical phenomenon, in which every contemporaneous circum- 
stance not strictly belonging to the history of the event itself 
might have been kept in its proper place; nor would it per- 
haps have been then difficult to have brought considerable quan- 
tities of this highly curious and enigmatical substance to Europe 
for examination. As it was, this only happened gradually. 
Three entire stones (among the rest, that sent by Mr. Thompson 
to Mr. Charlesworth)and several fragments were sent to the British 
Museum. Sir John Herschel received a stone of the weight of 
7 Ibs. from M, Truter in Capetown. The late M. Partsch, in 1843, 
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in addition to the former piece, could only procure from Von 
Struve about 43 oz. weight, consisting of a large fragment and 
three small chips; and it was only in 1845 that he succeeded 
in purchasing, of Dr. Ferdinand Krauss of Stuttgart, a larger, 
nearly complete stone, with external crust and weighing about 
12,4 oz., which the latter gentleman had brought from the 
Cape; and it was Sir J. Herschel himself who in the year 1847 
made the Royal Mineralogical Cabinet the valuable present of 
a fragment of the stone with fresh surfaces and external crust, 
weighing 64 oz., as well as two smaller pieces which together 
weighed 4 of an ounce. One of the first pieces received from 
Von Struve, Director Hérnes gave M. Wohler for analysis. 

So few pieces of the Cape meteorite have, in truth, come within 
reach of a chemical examination like the latest of Wohler’s 
(prompted by the fact of the discovery in meteorites of a bitumi- 
nous substance formed according to the laws of organic matter), 
that, after the facts here communicated, we need not despair of 
obtaining somewhat larger quantities of the material in question, 
so as to make the new substance itself the subject of further in- 
vestigation. 


XXXIII. On Brewsterite. By J. W. Mauizt*. 


i Wess analyses of the mineral species Brewsterite are on 
record, those of Connellt and Thomson{, both made 
many years ago. ‘The results were,— 


Connell. Thomson. 
Silica! oot Leth :666 53°045 
Alumina) i/o pepe Ly A492 167540 
Barytas 6 ey gore 6749 6'050 
Strontia: . 2) tie. 8 B25 9:005 
ainiey's Pui st See ee BAN OAG “800 
Witte farys 0 Free Pe 84 14°735 


Peroxide of iron. . 292 
100°4.54 100°175 


It is strange that in Thomson’s ‘Outlines of Mineralogy, Geo- 
logy,’ &c., the analysis of Connell is given with altogether differ- 
ent figures, thus :— 


* From Silliman’s American Journal for July 1859, 
+ Edinb. New Phil. Journ. No. 19. p. 35. 
{ Outlines of Mineral. Geol. and Min. Anal. vol. i. p. 348. 


‘ 
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LE aaa Siaalak dal Seiad 5 1 5 i 


Minn see ee ROOTS 
BIRO Potts tee aes oe, 
Sanit: se 
RE We eT te ah ee Pee ee 
ee ce ee Ne ee 208 
Peroxide of iron. . . 12°584 

95°653 


Dr. Thomson remarking at the bottom of the page that the spe- 
cimen analysed by himself consisted of fine crystals carefully 
selected, while that examined by Mr. Connell was a mixture of 
amorphous and crystallized mineral. 

The method for the separation of baryta, strontia, and lime, 
employed by Connell—probably by both analysts—namely, the 
solution of nitrate of lime, and afterwards of chloride of stron- 
tium, in aleohol—has given place to more reliable processes ; and 
on this account a repetition of the analysis might be desirable ; 
but it becomes still more so when the close analogy of Brew- 
sterite to Heulandite is considered. The two species should in 
all probability have the same general formula, and this has in 
fact been assigned to them in Dana’s ‘ Mineralogy ;’ but with 
the formula for Heulandite these older analyses of Brewsterite 
do not very well agree. 

I have recently analysed some fine specimens from the original 
locality (Strontian in Argyleshire, Scotland) ; and the results 
appear fully to establish the chemical as well as crystallographic 
relationship with Heulandite. 

The mineral formed crusts of minute crystals upon the surface 
of gneiss: sometimes these crusts could be detached from the 
rock by careful blows, but in general they adhered very firmly. 
Some of the crystals were 4th of an inch in length ; most of them 
were much smaller. The following measurements were obtained, 
using the lettering of Dana :— 


O : $-1=175° 49'—175° 53! —175° 55! 

ft: Z-2=171° 43'—171° 401. 

22 i—146b..10), 

O : 1-2(?) =157° 23!—157° 17!— 157° 20'!— 157° 22!. 
L2424=112° 18! —112° 17'—112° 12", 


The specific gravity was found =2°453. 

For analysis, the crystals were carefuly broken off and picked 
clean from any dust of the accompanying rock. In one ease the 
mineral was fluxed with carbonate of soda, so as to ensure per- 
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fect decomposition, and consequent purity of the silicic acid 
weighed ; the other specimens were treated directly with hydro- 
chloric acid, which seems of itself to be capable of effecting com- 
plete decomposition. The baryta was precipitated by hydro- 
tluosilicic acid* ; and the relative amounts of lime and strontia 
were determined indirectly, by weighing the mixed earths first as 
sulphates and then as carbonates. 
The following are the results obtained :— 


I. ne Ill. IV. Vv. Mean. Atoms, 

Silica ..nceccscens 54:49 53°66 54°31 54°84 ... 54:42 1-209 4-08 
Alumina.......+. 15-42 15:29 15°05... sent, L025) S296) 1 
Peroxide of iron trace ‘08 trace 
Baryta’! <s..%.0e0 676 6°84 as ae St 680 089 
Strontia........ 8:79 9:20 eek see ae 8:99 +173 $:304 1:03 
Whrmelssevecsaces’ ‘92 1-46 nae ed ars 119 -042 
Water <2 isscaee PESO! he ‘ise -- 13:06 13:22 1:469 4:96 

99°67 99-87 


Analysis IV. was spoiled by an accident ; and in III. the de- 
termination of the earths was abandoned on ascertaining the ne- 
cessity for the removal of ammoniacal salts before precipitating 
baryta (vide note), a precaution which had not been taken in this 
case. 

The silicic acid, alumina, protoxides, and water are clearly 
present in the ratio 4: 1:1: 5, giving the formula 


(BaO, SrO, CaO), $10? + Al? 0%, 38107 + 5 HO. 


The atomic relation between the lime, baryta, and strontia is near 
1:2:4 


* In examining the precautions incident to this mode of determining 
baryta in the presence of strontia or lime, I have found no notice taken in 
any work on chemical analysis of the solvent effect of ammoniacal salts 
upon silico-fluoride of barium. 

Fresenius states that the latter dissolves in 3400 to 3800 parts of water, 
and in 640 to 733 parts of water acidified by hydrochloric acid, but does 
not mention salts of ammonia. 

I digested pure silico-fluoride of barium in the cold, with frequent stir- 
ring, for forty-eight hours (a) with a saturated solution of chloride of am- 
monium, (4) with the same solution diluted with twice its volume of water. 
The fluid was in each case filtered off perfectly clear, 100 cubic centimetres 
were measured, and the baryta was determined as sulphate. 

(a) gave "1942 grm. of BaO, SO°=:2338 grm. of BaF, SiF?. Hence 1 
part of the latter salt dissolves in 428 parts of a saturated solution of sal- 
ammoniac. 

(b) gave ‘1409 erm. of BaO, SO*="1697 erm. of BaF, SiF’, or 1 part in 
589 of the diluted solution. 

The necessity of removing ammoniacal salts from a fluid in which baryta 
is to be determined as silico-fluoride is sufficiently obvious, 


i i i i 
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XXXIV. Notices respecting New Books. 


Recent Cambridge Mathematical Works. 


Examples of Analytical Geometry of Three Dimensions. Collected by 
I. Topuunter, M.A., Fellow and Assistant Tutor of St. John’s 
College, Cambridge. Cambridge: Macmillan and Co. 1858. 


Plane Trigonometry for the Use of Colleges and Schools. With nume- 
rous Examples. By 1. Topaunter, M.A. Cambridge: Mac- 
millan and Co. 1859. 


A Treatise on Hydrostatics and Hydrodynamics. By W.H. Besant, 
M.A., Fellow and Assistant Tutor of St. John’s College, Cambridge. 
Cambridge: Deighton, Bell and Co. London: Bell and Daldy. 
1859. 


VHE first of the above three books is a most useful contribution 
to mathematical literature. It is rather strange that this should 
be, as we believe it is,*the first collection of problems (with their 
answers) in so interesting a department as that of geometry of three 
dimensions. Mr. Todhunter has given 406 examples, with their 
results, and occasional hints for their solution. Such a book has long 
been very much wanted ; and there are few persons who could have 
supplied the want better than Mr. Todhunter. 

The second book on the list is a very good text-book for the Cam- 
bridge student, containing, as it does, the most recent view of the 
subject as treated in the College Lectures, with a considerable num- 
ber of improved methods scattered here and there throughout the 
treatise, and a large collection of examples with their answers. We 
should have been glad, however, if Mr. Todhunter had stepped a 
little out of the old beaten track so long trodden by Cantabs on this 
subject, and introduced more practical information into his book, 
such as would meet the wants of those who study trigonometry 
chiefly for its uses in surveying, &c. 

Of Mr. Besant’s ‘Hydrostatics and Hydrodynamics,’ we have 
nearly the same remarks to make as of the preceding work by his 
fellow-tutor at St. John’s. It is a very good book to ‘‘ get up” for 
the College and Senate-house examinations; and this was probably the 
chief, if not the only object of its author. The theories of displacement 
and oscillation of floating bodies; tension of flexible surfaces ; equili- 
brium of a revolving fluid, with applic&tion to the figure of the earth ; 
the general equations of hydrodynamics; the propagation of sound, 
and the vibrations of musical instruments, are treated at greater 
length than is usual in elementary works; but, as a set-off against 
this, the description of all the common hydrostatical and pneumatical 
apparatus, such as pumps, hydrometers, &c., is entirely omitted. 
We regret also that Mr. Besant has not followed the example of 
Mr. Todhunter in giving the answers or solutions to the problems 
he has collected in illustration of the subject. “dn short, the book 
must be considered as merely a supplement to other works on the 
same subject already in use at Cambridge. 
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XXXV. Proceedings of Learned Societies. 


ROYAL SOCIETY. 
[Continued from p. 152.] ' 
March 3, 1859.—Sir Benjamin C. Brodie, Bart., Pres., in the Chair. 


The following communication was read ;— 

“Remarks on Organo-Metallic Bodies ; 4th Memoir.”” By Edward 
Frankland, Ph.D., F.R.S., Lecturer on Chemistry at St. Bartholo- 
mew’s Hospital. 

In a former Memoir* the author described the production of a 
new series of organic compounds containing the metal tin in com- 
bination with the radicals methyle, ethyle, and amyle. His attention 
was at that time especially directed to the compound formed by the 
union of tin with ethyle, and to which the name stanethyle was given. 
The iodide of stanethyle was prepared by exposing iodide of ethyle to 
light or heat in the presence of tinfoil ; and, by acting with zine upon 
the aqueous solution of this iodide of stanethyle or of the chloride of 
the same body, stanethyle itself (C, H, Sn) was obtained. 

In accordance with a theory of the constitution of all organo- 
metallic bodies which the author then suggested, the above com- 
pounds were respectively represented as the analogues of the prot- 
iodide and biniodide of tin, thus— 


Sn I Sn(C,H,) 
a 
Stannous iodide. Stannous ethide. 
I C,H, 
Sn {i Sn { : 
—— oe 
Stannic iodide. Stannic ethiodide. 


It is evident that the application of this theory to the above 
bodies would receive considerable additional support if the second 
equivalent of iodine in the stannic iodide could be replaced by ethyle, 
or some other analogous organic group. In the Memoir already 
alluded to, it was mentioned, that in studying the behaviour of 
stanethyle under the influence of heat, evidence was obtained of the 
existence of this very compound,—stannic ethide, or binethide of 
tin, as it was then named. This body obviously bears the same re- 
lation to stannic iodide as stanethyle bears to stannous iodide. 


I C A 

ou {Cn 

i ——— 
Stannic iodide. Stannic ethide. 


Although there could be little doubt of the formation of stannic 
ethide by heating stanethyle to 150° C., yet the author could not sue- 
ceed in obtaining the former body in a state of purity from this 
source: it seemed probable, however, that stannic ethiodide would 
be easily converted into stannic ethide by bringing it mto contact 


* Transactions of the Royal Society for 1852, p. 418. 
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with zincethyle; and a preliminary experiment completely realized 
this expectation. The results of this reaction, together with its ex- 
tension to other analogous organo-metallic compounds, form the sub- 
ject of the present Memoir. 


I. Action of Zincethyle upon Iodide of Stanethyle. 


About two ounces of crystals of iodide of stanethyle were gradually 
added to a strong solution of zincethyle in ether, care being taken to 
preserve an excess of zincethyle. On submitting the resulting syrupy 
liquid to distillation, it began to boil at 70° C.; but the thermo- 
- meter rapidly rose to 180° C., between which temperature and 
200°C. the greater part of the product passed over, solid iodide of 
zine containing a little zincethyle being left in the retort. The di- 
stillate was washed with dilute acetic acid, and the dense ethereal 
liquid which separated was dried over chloride of caicium, and recti- 
fied. The greater portion of it distilled at 181°, and was collected 
apart. Submitted to analysis, it yielded results leading to the 


formula— 
: C,H, 
n : 


The following equation, therefore, expresses the action of zine- 
ethyle upon iodide of stanethyle :— 

Sn(C,H,)I | _ f Sn(C,H,), 

Zn(C,H,) f ~ | Zul ; 


Stannic ethide or binethide of tin is a limpid colourless liquid even 
at —13°C., possessing a very faint ethereal odour, resembling that of 
oxide of stanethyle, and a slightly metallic, though not unpleasant 
taste. Its specific gravity is 1187 at 23°C. A determination of the 
specific gravity of its vapour gave the number 8021, showing that 
stannic ethide consists of one volume of thin vapour and four volumes 
of ethyle, the five volumes being condensed to two. Stannic ethide 
boils at 181°C., and distils unchanged, thus differing from stannous 
ethide, which decomposes at 150°, chiefly into metallic tin and 
stannic ethide, a reaction calling to mind the behaviour of stannous 
oxide when boiled with a caustic alkali. Stannic ethide is inflam- 
mable, burning with a lurid flame fringed with deep blue and evol- 
ving white fumes of stannic oxide. In oxygen it burns much more 
brilliantly, with a white light fringed with blue. 

It was important to ascertain the deportment of stannic ethide 
with negative elements, since, if it were found to be capable of direct 
combination, its analogy to inorganic stannic compounds would be, 
to a great extent, disproved. Like zincethyle, however, stannic ethide 
is incapable of combining with any other element without the expul- 
sion of at least an equivalent amount of its ethyle. Treated with 
iodine, the latter dissolves with a deep brown colour, which, how- 
ever, gradually disappears; and if the addition of iodine be con- 
tinued until decolorization be no longer effected, the resulting 
liquid, on being submitted to distillation, is found to consist of iodide 
of ethyle, which distils over, and an iodine salt, possessing the un- 
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bearably pungent odour of one of the products of the action of tin 
upon iodide of ethyle at 160°C., and described by MM. Cahours 
and Riche as iodide of distannous ethyle, Sn,(C,H,),1. The iodine 
salt appears, in fact, to be either identical with this body or to consist 
of stannic iodotriethide (Sn, (C, H,), 1)*. 

Stannic ethide does not decompose water, and is not acted upon 
by strong aqueous hydrochloric acid in the cold. When, however, 
heat is applied to the mixture of the two liquids, bubbles of gas are 
slowly evolved; but it requires from twelve to eighteen hours to 
complete the reaction. The gas was found to be pure hydride of 
ethyle, and the quantity evolved was such as to show that exactly 
one equivalent of ethyle was expelled in the form of hydride from two 
equivalents of stannic ethide, indicating the following reaction : — 

28n(C,H,),| _ {C,H,H 
HCl } ~ | Sn,(C, H,), Cl. 


Il. Action of Zinemethyle upon Iodide of Stanethyle. 


About three ounces of crystallized iodide of stanethyle were gta- 
dually added to a solution of zincmethyle in ether. Considerable heat 
was evolved, and the vessel in which the reaction was performed 
required to be plunged into cold water. On treating the product 
as before described, a liquid was obtained boiling between 143° and 
148° C., and yielding, on analysis, numbers closely corresponding 
with the formula 

R iC H 
n 


The action of zinemethyle upon iodide of stanethyle may therefore 
be thus expressed :— 


C,H, ©, H, 
su {ft t= { leu, 


Zn C,H, “ui. 


The new body thus formed, and for which I propose the name 
stannic ethylomethid2, is a colourless limpid liquid, undistinguish- 
able in appearance from stannic ethide. It possesses, like the latter, 
a very faint ethereal odour and a slightly metallic taste. Its specific 
gravity is 1°2319 at 19°C. It does not solidify at —13°C. 
Stannic ethylomethide boils between 144° and 146°C. The specific 
gravity of its vapour is 6°838, showing that its constitution is similar 
to that of stannic ethide. It is easily inflammable, and exhibits the 
same deportment as stannic ethide with chlorine, iodine, and bro- 
mine; its combination with these elements being always attended 
with the expulsion of methyle. Stannic ethylomethide dissolves 
iodine, assuming a magnificent crimson colour, which disappears 
with extreme slowness unless heat be applied. When, however, 


: 


* Whilst I was engaged with these experiments, Mr. Buckton announced the 
formation of stannic ethide (Phil. Mag. ser. 4. vol. xvii. p. 217), and mentioned 
his intention to study the salts formed by the action of iodine, bromine, &c., 
upon that body; I have not, therefore, prosecuted the inquiry further in this 
direction. 
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action has once been set up, it goes on with considerable rapidity, 
even in the cold. The products of this reaction were proved to be 
iodide of methyle and iodide of distanethyle :— 


2C, H, I 

ae [Pee 
Se te haSn 1 
3i Pulls 


Iodide of distanethyle, which has already been partially examined, 
although with discordant results, by M. Léwig and by MM. Ca- 
hours and Riche, is a dark straw-coloured, somewhat oily liquid, 
which does not solidify at —13°C. It possesses an extremely pun- 
gent and intolerable odour, resembling oil of mustard. Its specific 
gravity at 15°C. is 2°0329. At 208°C. it enters into ebullition, but 
cannot be distilled without decomposition. 

Treated with hot hydrochloric acid, stannie ethylomethide is de- 
composed, yielding a crystallizable salt and a gaseous mixture, con- 
sisting of — 

Eryamae or ethyle 42,305 ntl OA) einoT 
Hydride; of; methylex:./.322..2)..i-,.a.00- 20 18°79 
100-00 

Ill. Action of Zincethyle upon Iodide of Mercurymethyle. 

The formation of stannic ethylomethide in the manner just de- 
scribed, encouraged the author to attempt a similar reaction with 


iodide of mercurymethyle, Hg { CoH Mr. Buckton’s announce- 
ment* of the formation of mercuric ethide, Hg { C i, by an ana- 
4 5 


logous reaction, tended also to strengthen the hope that a mercuric 
ethylomethide might be thus obtained. 

Iodide of mercurymethyle is readily acted upon by zincethyle, but 
no mercuric ethide was produced, the reaction being expressed by 
the following equation :— 


Hg (C,H,)1) _ | 
2%n (C,H) f ~ | 


Hg (C, H,), 
Zn (C, H,) 
Zn I. 


IV. Action of Zincmethyle upon Chloride of Mercuryethyle. 

Although the above reaction failed to produce mercuric ethylo- 
methide, it was still possible that this body might be formed by 
acting upon a mercuryethyle compound with zincmethyle. About 
five ounces of chloride of mercurous ethyle (Hg (C, H,) Cl) were 
added to four ounces of a strong ethereal solution of zincmethyle. 
Considerable heat was evolved ; and after forty-eight hours the pro- 
duct was distilled. All the volatile portion came over below 140°C. 
The distillate was washed with weak acetic acid, dried over chloride 
of calcium, and then rectified. A considerable portion distilled be- 
tween 127° and 137° C., and was collected apart. The last few 
drops came over at 156°C. Repeated rectifications of the product 
boiling between 127° and 137°C. did not serve to isolate any portion 
of the distillate, having a fixed boiling-point ; on the contrary, it 
was evident that the range of the temperature of distillation became 

* Phil. Mag. vol. xvii. p. 213. 
Phil. Mag. 8. 4, Vol. 18. No. 119. Sept. 1859. Q 
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wider each time the operation was repeated. A section boiling he- 
tween 127° and 133° gave, on analysis, 13°68 per cent. of carbon, 
whilst another section, boiling between 141° and 143°, gave 16°71. 


The formula Hg a us requires 14°75 per cent. of carbon. Mer- 


curie methide boils at 96°, and mercuric ethide at 159° C.; con- 
sequently mercuric ethylomethide might be expected to boil at about 
128°. The author considers it more than probable that mercuric 
ethylomethide was formed in the above reaction; but subsequent 
distillations gradually transformed it, more or less perfectly, into a 
mixture of mercuric ethide and mercuric methide. 

« OF H, — Hg (C, HH); 
2He| on} = {Hel 


V. Action of Zinc upon a Mixture of the Iodides of Ethyle and 
Methyle. 
In a former memoir* the author pointed out that the vapour 
volume of zincethyle indicated the constitution of that body to be 


represented by the formula ee Hs } Zn,; but it is evident that this 
4 5 


formula would receive important confirmation if the double equiva- 
lent of zinc could be made to combine with two radicals of different 
composition. An attempt was made to produce such a body by 
submitting simultaneously the iodides of methyle and ethyle, mixed 
with an equal volume of ether, to the action of zinc at 100°C. In 
eighteen hours the decomposition of the iodides was complete, and 
the distilled product, on being rectified, began to boil at 38°, ether 
and zinemethyle distilling over ; the thermometer then gradually and 
uniformly rose to 120°C., at which temperature the remainder of 
the product, consisting of pure zincethyle in considerable quantity, 
distilled over. No evidence whatever was obtained of the existence 
of an intermediate compound containing both ethyle and methyle. 


VI. Zinemethyle. 

The experiments detailed in the foregoing pages requiring the use 
of considerable quantities of zincmethyle, the author’s attention was 
directed to the preparation of this body in much larger quantities 
than could be obtained by the operations in sealed glass tubes pre- 
viously described by him. He found that the preparation of a strong 
ethereal solution of zinemethyle succeeded most satisfactorily in a 
copper digester, heated to 100°C. ; in fact, the decomposition by 
zinc of an ethereal solution of iodide of methyle is much more quickly 
and perfectly effected than that of a similar solution of iodide of 
ethyle; but on submitting the product to rectification, a liquid was 
obtained boiling at about 51° C., spontaneously inflammable to the 
last degree, and possessing the intolerable odour of zinemethyle. 
On analysis, however, it yielded numbers closely agreeing with the 
formula— 

2(C. H C,H, 
2(¢: H. } Zs) "C,H, } De 
The specific gravity of its vapour was 3°1215, a number which does 
not correspond with the theoretical specific gravity of a compound of 
* Transactions of the Royal Society for 1855, p. 266. 


al lla ete 
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the above formula, unless the exceedingly improbable assumption be 
adopted, that it contains two volumes of zincmethyle vapour, united 
with one volume of ether vapour, without condensation. On the 
other hand, it accords closely with the specific gravity of the vapour 
of a mixture of zincmethyle and ether in the above proportions. 

Without at present offering any decided opinion as to the nature 
of this body, the author states that in repeated operations with large 
quantities of materials he has entirely failed in obtaining pure zinc- 
methyle by this method of proceeding. 

Similar repeated attempts to produce pure zincethyle frem zine 
and iodide of methyle, without the intervention of ether, were also 
unsuccessful, although this method generally succeeds in small glass 
tubes. This anomaly in the results obtained from the same mate- 
rials heated in a copper digester and in glass tubes, is doubtless due 
to the difference of the cunditions in the two cases. In a glass tube 
half immersed in a heated oil bath, a constant distillation of the 
internal liquid is going on, the liquid condensed in the upper por- 
tion of the tube flowing over an extensive surface of zinc in its 
descent ; whilst, in a digester of thick copper, the different parts 
of the vessel, owing to the high conductivity of the metal, are main- 
tained at so uniform a temperature as to prevent any such circulation 
of the liquid from taking place. 

The body just described being regarded as a mere mixture of zinc- 
methyle and ether, incapable of being separated on account of the 
close proximity of their boiling-points, a more successful result was 
anticipated by mixing the iodide of methyle with methylic ether 
instead of vinic ether. As methylic ether boils at —21°C., it was 
thought that no such difficulty of separation could arise; the bodies 
employed would then, in fact, be exactly homologous with those so 
successfully used in the preparation of pure zincethyle on the large 
scale. It was found, however, that although a large quantity of 
zinemethyle was produced, yet it was impossible to obtain it free from 
methylic ether. A large portion of the product boiled at 43°, a 
small residuum only distilling between this temperature and 48°; 
both portions yielded, on analysis, results approaching the formula 


C, H, C, H, | 
2(¢! ft zn.) +6 Hf O 
This result is, therefore, homologous with that obtained by the de- 
composition of iodide of methyle mixed with vinic ether. 

In conclusion, the author states, that after an expenditure of many 
pounds of iodide of methyle, he has been unable to obtain even the 
smallest quantity of pure zincmethyle by the use of a copper digester, 
although a much larger product of the ethereal solution is obtained 
than in the corresponding preparation of zincethyle. 


CAMBRIDGE PHILOSOPHICAL SOCIETY. 
[Continued from vol. xvi. p. 318.] 
April 26, 1858.—Professor Challis made a communication ‘‘ On 
the Annular Eclipse of the Sun, March 15, 1858.” 
The Master of Trinity read a paper ‘‘ On Barrow, and his Acade- 
mical Times.”’ 
Q2 
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May 10.—Professor Miller made communications—(1) ‘‘ On an 
improved Method of finding the position of any face ofa Crystal be- 
longing to the Anorthic System.” (2) “‘ On the direction of the Axis 
of a Zone.” (3) Ona substitute for the Reflective Goniometer.” 


Mr. Godfray read a paper ‘“‘ On a Chart and Diagram for facilita- 
ting Great-Circle Sailing.” 

It has long been known that in many cases a very great saving of 
distance would be effected by guiding the ship along the arc of a 
great circle instead of following the rhumb; but the tedious calcula- 
tions which great-circle sailing requires, and the difficulty of tracing 
the track on the chart, have hitherto stood in the way of its adop- 
tion. The great advantage which Mercator’s sailing offers in these 
respects sufficiently explains the preference given to it, even by those 
who are fully aware of the longer route it obliges them to follow. 

The object of this communication was to show how the same ad- 
vantages are secured to great-circle sailing by the adoption of a chart 
on the central or gnomonic projection, which, with the addition of 
a diagram, solves the problem of this sailing with the same facility 
as Mercator’s chart does for sailing on a rhumb. 

The great-circle track becomes a straight line joining the two 
places; and this being drawn, the various courses and the distances 
to be run upon each are obtained, as also the distance from the ship 
to her destination, by a mere inspection of the diagram and without 
calculation. 

The great-circle track is not always practicable, on account of its 
taking the ship into too high a latitude, where the ice would render 
it dangerous or impossible to penetrate. When this is the case, the 
same chart and diagram will, with just as much facility as before, 
point out that which, under the circumstances, is the shortest route. 
Some parallel of latitude is fixed upon for the maximum, and the 
track to be followed will then consist of a portion of that parallel 
and of the portions of two great circles which are tangents to it,— 
one passing through the ship, the other through the destination. 
On this great-circle chart the track will be the two straight lines 
drawn from the two places, so as to touch the circle of highest lati- 
tude and the part of this circle between the points of contact, 

The paper explains the construction of the chart and diagram, 
and illustrates their use by two examples: the first, from the south- 
ern extremity of Africato Perth in Australia, which shows a gain of 
204 miles; the other, from 30° S. lat., 18° W. long. to Melbourne, 
gives a gain of 1180 miles, without going into a higher latitude than 
55° south. 

A chart and diagram on this principle have been engraved by the 
Hydrographic Office, Admiralty. 


May 24.—The Master of Trinity read the conclusion of his paper 
‘‘On Barrow, and his Academical Times.” 


Nov. 8.—Professor Challis made a communication ‘‘On Donati’s 
Comet.” 


Nov. 22.—The Public Orator gave a lecture on ‘“‘ The Battle of the 


os ee 
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Trebbia,” the object of which was to compare the different authori- 
ties, and to illustrate them by a description of the neighbourhood of 
Piacenza, which he had recently visited. He showed that Polybius’s 
narrative was the most valuable, as being in all probability the ori- 
ginal source of all subsequent accounts, and as deriving an especial 
interest from the author’s personal knowledge of the localities. Livy 
in the main followed Polybius, amplifying and varying the details 
rather with a view to an effective and ornamented style than to the 
actual truth of his statements. Some particulars, however, appeared, 
in this part of his work as elsewhere, to have been borrowed from 
L. Cincius Alimentus, or some other historian of the Second Punic 
War. Cornelius Nepos, from his brevity, and Appian, from his in- 
accuracy, were not worthy to be taken into account. No modern 
historian appeared to have visited the place. ‘he principal points 
to be determined were (1) the situation of Scipio’s camp after he 
had abandoned his position in the immediate vicinity of Placentia, 
and (2) the identification of the deep watercourse where Hannibal 
placed Mago with two thousand men in ambush on the morning of 
the battle. 

Scipio’s camp was, beyond doubt, at ornear Rivalta, a castle and 
hamlet situated on a ‘high bank’ (as the name imports) on the 
further side of the Trebbia, about nine miles south-west of Piacenza. 
The ambuscade was placed in the watercourse called the Trebbiola, 
a small stream, of which the banks were from 6 to 8 feet high, about 
six miles from Piacenza, above the place called ‘ La Volta di Settima.’ 

The passages of Polybius, to which reference was made in the 
lecture, are in Book IIJ. chapters 66 sqqg.; those of Livy, in Book 
XXI. chapters 47, 48, 52-55. 

The rude plan given below may make this abstract more intel- 
ligible. 


Se 


Dec, 6—* Suggestion of a proof of the Theorem that every Alge- 
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braic Equation has a Root.” By G. B. Airy, Esq., Astronomer 
Royal. 

In this paper the equation to be discussed is expressed under the 
form 


a,r,+ber, +... +m, =0, 


where a,=a(cos a+ VY —1 sin a), re=r(cos 0+ W—1 sin 0),...or, 
as it may be written, P+ / —1Q=0; and the object is to show 
that there will be at least one value of 7 between 0 and positive in- 
finity, and one value of @ between 0 and 27, which, used in combi- 
nation, will make both P and Q =0. 

This is effected by constructing two curves whose common ab- 
scissa is 0, and whose ordinates are respectively the corresponding 
values of P and Q, produced by substituting in their expressions the 
same value of r, and observing the change which takes place in the 
form of these curves, and in the position of their points of intersec- 
tion, as » successively assumes all values from 0 to positive infinity. 
The existence of a root will be indicated by a point of intersection of 
these curves (the P-curve and Q-curve, as they may be called) falling 
on the axis of abscissee. When r=0, each of these curves will be a 
straight line parallel to the axis of abscisse. When r=, the cor- 
responding values of P and Q will generally be indefinitely great ; 
but by reducing their values in the same proportion, which will not 
affect the validity of the demonstration, the Q-curve will become a 
line of sines, and the P-curve a line of cosines, or a line of sines 


drawn back through af On constructing these curves, which we 


may call respectively P(0), Q(0), P(@ ), (Q  ), it will be remarked— 


(1) That P(0) and Q(0) do not intersect. 

(2) That P(o ) and Q( ) intersect in two points. 

(3) That one of these points of intersection is above the line of 
abscissze, and the other is below it. 


On considering the change in the forms of the P-curve and Q-curve 
as r increases from 0 to infinity, it will be seen that the P-curve must 
have intruded on the Q-curve, at first by simple contact; and that, 
as the intrusion advances, the simple contact is changed into two in- 
tersections, which will at first be on the same side of the line of 
abscisse. But as, where r is indefinitely increased, any two conse- 
cutive intersections necessarily lie on opposite sides of the line of 
abscisse, it may be shown, by considering the various ways in which 
the intrusion may take place, that in all cases one at least of the 
intersections must have crossed the line of abscisse during the in- 
crease of 7; and a root is thus determined. 


A communication was also made by Professor Miller ‘‘ On the 
contrivances employed by M. Porro in the construction of instru- 
ments used in Surveying and Astronomy.” 


Feb. 14, 1859.—Mr. Humphry made a communication ‘‘ On the 
Limbs of Vertebrate Animals.” 
He gave a brief description of the fore and hind limbs in the 
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several vertebrate classes, directing attention to the tripartite divi- 
sion of their distal segments, and to the uniformity of plan upon 
which they are constructed. He argued that this uniformity has 
relation to the mode in which their development proceeds, and to 
the similarity of their functions rather than any adhesion to an 
‘ideal archtypal pattern ;” and expressed his belief that the exist- 
ence of such an ideal in the minds of anatomists proves in some 
measure a hindrance to the full study of the laws which regulate the 
formation of animal bodies. 

The differences between the fore and hind limbs were shown to 
depend,—first, upon the fact that the hind limbs are required to pro- 
pel as well as to support the trunk, and less variety of movement is 
needed in them; hence they are larger and firmer, and the same 
bone of the leg forms a main constituent both of the ankle and of the 
knee-joint ; secondly, in walking and running the fore limb is ex- 
tended in front of the trunk, and draws the latter after it during its 
flexion, whereas the hind limb is bent up beneath the trunk and 
drives the latter on before it during its extension. This antagonism 
in the mode of their action leads to an antagonism in construction 
of the two limbs,—of their upper segments at least, the posterior 
aspect of the one corresponding with the anterior aspect of the other. 
The antagonistic relations are brought about by a partial rotation in 
the long axis of the two limbs which takes place in opposite directions 
during development; and coincident with the rotation of the proxi- 
mal segments of the fore limb in one direction is a rotation of its 
distal segment in an opposite direction, so as to turn the palm towards 
the ground. 

Reasons were given for regarding the scapular and pelvic arches 
as formed by modifications of the hzmal, and not of the pleural, 
parts of the vertebre; and for believing that the scapular arch be- 
longs, not to the occipital bone, but to the vertebre of the fore part 
of the chest or of the hinder part of the neck. 


Feb. 28.—Dr. Donaldson read a paper ‘On Plato’s Cosmical 
System as exhibited in the tenth book of ‘ The Republic.’ ” 

The author first gave a translation of the whole passage (Plato, 
Resp. x. 616 B, 617 E), accompanied by a critical and philological 
examination of the Greek text. He then undertook to show the 
connexion between the fanciful picture of the universe which Plato 
has here given, with his other speculations on the origin of things, 
and especially with the occult philosophy of numbers. And he 
argued, finally, that the tradition preserved by Clement of Alexandria, 
which identifies Er, the son of Armenius, with Zoroaster, rests upon 
a foundation in fact; and that while there is good reason to believe 
that the doctrines of Heracleitus and Zoroaster agreed in many essen- 
tial particulars, and that Plato was well acquainted with the specu- 
lations of the Ephesian philosopher, there are certain particulars in 
the cosmical myth of ‘The Republic’ which agree exactly with the 
theories known to have been common to Zoroaster and Heracleitus. 


March 14.—A paper was read “ On the general principles of which 
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the Composition or aggregation of Forces is a consequence.” By 
Prof. De Morgan. 

This paper examines the fundamental grounds of the composition 
or, as Mr. De Morgan calls it, aggregation of forces. By a tendency 
is meant anything which has both magnitude and application: by ap- 
plication is meant any notion which, not presenting the idea of mag- 
nitude, presents the idea of opposition. ‘Two tendencies have a third 
tendency for their aggregate, to which they are jointly equivalent : and 
equivalence is any notion which, given that things equivalent to the 
same are equivalent to one another, satisfies the following postulates, 
which are the grounds of every method of aggregation known in 
mechanics. 

1. Any two tendencies have one aggregate (0, the aggregate of 
counteraction being included among possible cases), and one only. 

2. The magnitude of the aggregate, and its application relatively 
to the applications of the aggregants, depend only on the relative, 
and not on the absolute, applications of the aggregants. 

3. The order in which tendencies are aggregated produces no 
effect either on the magnitude or application of the aggregate. 

4. Tendencies of the same or opposite applications are aggregated 
by the law of algebraical additions. 

From these postulates follow the following theorems :— 

5. In any aggregate, the result of partial aggregation may take 
the place of its own aggregants. 

6. Two tendencies cannot counteract one another unless they 
have equal magnitudes and opposite applications. 

7. An aggregate has not more than one pair of aggregants, when 
the applications of the aggregants are given, and are different. 

8. If the aggregants be altered in any ratio, without change of 
application, the aggregate is altered in the same ratio, also without 
change of application. 

9. Any tendency may be disaggregated into two of any two dif- 
ferent applications, neither of which is its own. 

From the preceding it is proved,— 

1. When by application is meant direction, the law of aggregation 
must be the well-known law of the aggregation of forces meeting at 
a point. 

2. When by application is meant choice of a point through which 
a given direction is to be drawn, the law of aggregation must be the 
well-known law of aggregation of parallel forces. 

In the case of translations and rotations, the postulates are all 
laws of thought; in the case of pressures, whether divergent or 
parallel, whether equilibrating or producing motion, all the postu- 
lates contain results of experience. Accordingly, the multifarious 
procfs of the laws of aggregation, in the case of pressures, are not 
the mathematical playthings which they are often supposed to be 
from their grounds being insufficiently stated. If to the postulates 
necessary to make the law of aggregation a consequence, be added 
the following, ‘‘ the velocity due to the aggregate of pressures in one 
given direction is the aggregate of the velocities due to the pressures 
taken separately,’ it follows, as a mathematical consequence, that 
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the pressure varies as the velocity created by it in a given time. 
This great law of dynamics, therefore, is not fundamentally distinct 
from the laws of aggregation, but follows from them with the addition 
of a postulate more simple than itself. 


A proof was also given by Professor Stokes, of the theorem that 
“Every Equation has a Root.” 


May 2.—Professor Miller made a communication “ On the em- 
ployment of the Gnomonic Projection of the Sphere in Crystallo- 
graphy.” 


GEOLOGICAL SOCIETY. 
[Continued from p. 155.] 


June 22, 1859.—Sir C. Lyell, Vice-President, in the Chair. 
The following communications were read :-— 


1. “ Further Observations on the Ossiferous Caves near Palermo.” 
By Dr. Falconer, F.R.S., V.P.G.S. ; 

Dr. Falconer, in the first place, adverted to his previous com- 
munication, read on the 4th of May last, before his collections 
had arrived in England. In the present paper he submitted, with 
more detailed explanations, the materials on which his first state- 
ments were founded. Dr. Falconer then described the physical 
geography of that portion of the northern coast of Sicily in which 
the ossiferous caves abound, namely between Termini on the east 
and Trapani on the west. Along the Bay of Palermo, and again 
at Carini, the hippurite-limestone presents inland vertical cliffs, from 
the base of which stretch slightly inclined plains of pliocene depo- 
sits, usually about 15 mile broad, towards the sea. The majority of 
fossil shells in these tertiary beds belong to recent species. At the 
base of those inland cliffs, but sometimes 50 feet above the level of 
the plain, and upwards of 200 feet above the sea, the ossiferous 
caves occur. One of the best known of these is the Grotto di 
San Ciro, in the Monte Griffone, about two miles from Palermo. 
This cave has been often described. Like many others, it contains 
a thick mass of bone-breccia on its floor, extending also beyond its 
mouth and overlying the pliocene beds outside, where great blocks 
of limestone are mixed with the superficial soil. The bones from 
this cave had long been known, and were formerly thought to be 
those of giants. Some years since, bones were here excavated for 
exportation ; and M. Christol at Marseilles was surprised to re- 
cognize the vast majority of remains of two species of Hippopotami 
amongst bones brought there, and counted about 300 astragali. 
Besides the Hippopotamus, remains of Elephas also occur. Prof. 
Ferrara suggested that the latter were due to Carthaginian ele- 
phants, and the former to the animals imported by the Saracens for 
sport. ‘The Government of Palermo having ordered a correct 
survey of this cave and its contents, it was found that beneath the 
bone-breccia was a marine bed, with shells, and continuous with 
the external tertiary deposits. The wall of the cave to the height 
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of 8 feet from the floor had been thickly bored by Pholades; for 
the space of 10 feet higher the side was smooth; and still higher up 
it was cancellar or eroded. Above the breccia were blocks of lime- 
stone, covered by earthy soil, in which bones of Hippopotami, with 
a few of those of Bos and Cervus, light and fragile, not fossilized as 
in the breccia, occurred plentifully. 

In his late visit to the San Ciro Cave, Dr. Falconer collected 
(besides the Hippopotamus) remains of Hlephas antiquus, Bos, Cervus, 
Sus, Ursus, Canis, and a large Felis, some of which indicated a 
pliocene age. 

Another cave, the Grotto di Maccagnone, about twenty-four 
miles to the west of Palermo, was lately the especial subject of the 
author’s research, whose attention was directed to it by J. Mor- 
rison, Esq. Inits form it differs from that of San Ciro, being much 
wider. Its sides show no Pholad markings nor polished surfaces, as 
far as they are yet bared. It has a reddish or ochreous stalagmitic 
crust covering the intericr. It agrees with the San Ciro Cave in its 
situation at nearly the same elevation above the sea and above the 
tertiary plain ; and in its enormous mass of bone-breccia and great 
accumulation of limestone-boulders covered by the humatile soil 
with loose bones. The floor had already been dug over for bones. 
Beneath this (as shown by the section which Dr. Falconer made 
at the mouth of the cave) was the usual ochreous loamy earth 
(called ‘‘ cave-earth’’), with huge blocks of blue limestone, which 
impeded the operations of search; then a reddish-grey, mottled, 
spongy loam, cemented by stalagmite, occurring in thick patches, 
and called ‘‘ ceneri impastate’”’ by the peasants: this covers 
bone-breccia resembling that of San Ciro, and, like it, full of bones 
of Hippopotami. The remains of a large Felis, two extinct species 
of Deer, and of Hlephas antiquus were met with also: the last is 
characteristic of the other pliocene caves of Europe. Coprolites of 
a large Hyena occur in ‘ochreous loam; and especially in a recess 
on the face of the cliff near the cave’s mouth. A patch of the 
“‘ceneri impastate’’ was found under the superficial earthy floor 
of the cave at one spot near the inner wall. 

The author next described some remarkable conditions in the 
roof of the cave. About half-way in from the mouth, and at 
10 feet above the floor, a large mass of breccia was observed, de- 
nuded partly of the stalagmitic covering, and composed of a reddish- 
grey argillaceous matrix, cemented by a calcareous paste, con- 
taining fragments of limestone, entire land shells of large size 
finely preserved, splinters of bone, teeth of ruminants, and of the 
genus Hquus, together with comminuted fragments of shells, bits of 
carbon, specks of argillaceous matter resembling burnt clay, to- 
gether with fragments of shaped siliceous objects of different tints, 
varying from the milky or smoky colour of chalcedony to that of 
jaspery hornstone. ‘This brecciated matrix was firmly cemented to 
the roof, and for the most part covered over with a coat of stalag- 
mite. In the S.S.E. expansion of the cavern, near the smaller 
aperture, a considerable quantity of coprolites of Hyena was found 
similarly situated in an ochreous calcareous matrix, adhering to the 
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roof, mingled with some bits of carbon, but without shells or bone- 
splinters. On the back part of the cavern, where the roof shelves 
towards the floor, thick masses of reddish calcareous matrix were 
found attached to the roof, and completely covered over by a crust 
of ochreous stalagmite. It contained numerous fragments of the 
siliceous objects, mixed with bone-splinters and bits of carbon. In 
fact, all round the cavern, wherever the stalagmitic crust on the 
roof was broken through, more or less of the same appearances 
were presented. In some parts the matrix closely resembled the 
characters of the ‘‘ ceneri impastate,” with a larger admixture of 
calcareous paste. 

With regard to the fragments of the siliceous objects, the great 
majority of them present definite forms, namely long, narrow, and 
thin,—having invariably a smooth conchoidal surface below, and 
above, a longitudinal ridge beveled off right and left, or a con- 
cave facet replacing the ridge—in the latter case presenting three 
facets on the upper side. ‘The author is of opinion that they closely 
resemble, in every detail of form, obsidian knives from Mexico, and 
flint knives from Stonehenge, Arabia, and elsewhere, and that they 
appear to have been formed by the dislamination, as films, of the 
long angles of prismatic blocks of stone. These fragments occur 
intimately intermixed with the bone-splinters, shells, &c. in the 
roof-breccia, in very considerable abundance ; amorphous fragments 
of flint are comparatively rare, and no pebbles or blocks occur 
either within or without the cave. But similar reddish flint or chert 
is found in the hippurite limestone near Termini. 

In regard to the theory of the various conditions observed in the 
Maccagnone Cave, the author considers that it has undergone 
several changes of level, and that the accumulation of bone-breccia 
below and outside is referable to a period when the cave was scarcely 
above the level of the sea. Dr. Falconer points out the significance of 
the fact that although coprolites of Hyene were so abundant against 
the roof and outside, none, or but very few, of the bones of Hyznas 
were observed in the interior. He remarked also on the absence 
of the remains of small mammalia, such as Rodents. He inferred 
that the cave, in its present form, and with its present floor, had 
not been tenanted by these animals. ‘The vast number of Hippo- 
potami implied that the physical condition of the country must 
have been very different at no very distant geological period from 
what obtains now. He considered that all deposits above the bone- 
breccia had been accumulated up to the roof by materials washed in 
from above, through numerous crevices or flues in the limestone, and 
that the uppermost layer, consisting of the breccia of shells, bone- 
splinters, siliceous objects, burnt clay, bits of charcoal, and coprolites 
of Hyena, had been cemented to the roof by stalagmitic infiltration. 
The entire condition of the large fragile Helices proved that the 
effect had been produced by the tranquil agency of water, as distinct 
from any tumultuous action. There was nothing to indicate that 
the different objects in the roof-breccia were other than of con- 
temporaneous origin. Subsequently a great physical alteration in 
the contour, altering the flow of superficial water, and of the sub- 
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terranean springs, changed all the conditions previously existing, 
and emptied out the whole of the loose incoherent contents, leaving 
only the portions agglutinated to the roof, The wreck of these 
ejecta was visible in ‘the patches of ‘‘ ceneri impastate,”’ containing 
fossil bones, below the mouth of the cavern. That a long period 
must have operated in the extinction of the Hyena, Cave-lion, and 
other fossil species, is certain; but no index remains for its measure- 
ment. The author would call the careful attention of cautious 
geologists to the inferences—that the Maccagnone Cave was filled 
up to the roof within the human period,fso that a thick layer of bone- 
splinters, teeth, land-shells, coprolites of Hyena, and human objects 
was agglutinated to the roof by the infiltration of water holding 
lime in solution ; that subsequently, and within the human period, 
such a great amount of change took place in the physical configura- 
tion of the district as to have caused the cave to be washed out and 
emptied of its contents, excepting the floor-breccia, and the patches 
of material cemented to the roof and since coated with additional 
stalagmite. 


2. Mr. Prestwich gave in a few words the results of the exa- 
mination of the bone-cave at Brixham in Devonshire. 

The cave has been traced along three large galleries, meeting or 
intersecting one another at right angles. Numerous bones of Rhino- 
ceros tichorhinus, Bos, Equus, Cervus tarandus, Ursus speleus, and 
Hyena have been found; and several flint-implements have been 
met with in the cave-earth and gravel beneath. One in particular 
was met with immediately beneath a fine antler of a Reindeer and 
a bone of the Cave-bear, which were imbedded in the superficial 
stalagmite in the middle of the cave. 


3. ‘‘ Observations on a Flint-implement recently discovered in a 
bed of Gravel at Saint-Acheul, near Amiens.” By John Wickham 
Flower, Esq. 

The gravel capping a slight elevation of the chalk at St. Acheul 
is composed of water-worn chalk-flints, and is about 10 feet thick ; 
above it is a thin band of sand, surmounted by sandy beds (3 feet 
6 in.) and brick-earth (11 feet 9 in.). In this gravel the remains 
of Elephant, Horse, and Deer have been found, with land and fresh- 
water shells of recent species. From the gravel Mr. Flower dug 
out a flint-implement, shaped like a spear-head, at about 18 inches 
from the face of the pit, and 16 feet from the surface of the ground. 
Mr. Flower in this communication pointed out evidences to prove 
that this and many other similar flint-implements obtained from 
the same gravel were really the result of human manufacture, at a 
time previous to the deposition of the gravel in its present place. 
Mr. Flower’s visit to St. Acheul was made in company with Messrs. 
Prestwich, Godwin-Austen, and Mylne, with a view to verify the 
discoveries made respecting the occurrence of flint-inplements in 
the gravels and peat of the Somme Valley by M. Boucher de Perthes, 
of Amiens, 
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XXXVI. Intelligence and Miscellaneous Articles. 


EXPERIMENTS TO SHOW THE EXISTENCE OF A NEW SPECIES OF 
RESISTANCE TO THE TRANSMISSION OF ELECTRICITY, BY 
M. J. M. GAUGAIN. 


HE theory of Ohm rests, as is known, on the fundamental idea 
that the electric movement transmitted by a conducting body 
is subject to the same laws as the movement of heat in a solid body; 
and all the consequences which have been drawn from this hypo- 
thesis have hitherto been verified by experience. The observations 
which form the subject of the present notice, seem to establish a 
new analogy between heat and electricity: just, in fact, as in the 
case of heat there are two species of conductibility—-the one inter- 
nal, the other external—so it seems necessary to admit two species 
of electric conductibility, in order to account for the facts I am about 
to mention. 

I formerly stated that the flow of electricity, of uniform intensity, 
down a cotton thread in a constant state of tension,varies inversely as 
the length of the thread. ‘This law is true, not only of cotton thread, 
but of the greater number of bad conductors,—of gum-lac, for in- 
stance, and porcelain, and the glass which is used for the isolating 
supports of electric machines. Hitherto I have found but a single 
body to which the law in question does not apply,—the glass, namely, 
which is used in the construction of disengaging tubes. 

I have proved that the resistance of a glass tube of this kind is 
absolutely independent of its length. This result, which at first 
sight seems strange, is easily explained on the hypothesis that there 
are two sorts of electric conductibility—the one internal, which con- 
sists of the greater or less facility with which electricity passes from 
point to point of the same body—the other external, which consists 
of the greater or less facility with which electricity passes through 
the separating surfaces of two different bodies. In the greater num- 
ber of substances the external conductibility is very great, and the 
resistance may then be considered as exclusively internal. It is 
then, as I have said, inversely proportional to the length of the con- 
ductor; in the case of tube-glass, on the contrary, the internal 
conductibility is very great; the resistance is altogether external, 
and ought therefore to be—as in fact it is—independent of the 
length of the conductor. 

The nature of the resistance offered by tube-glass to the passage 
of electricity may be rendered obvious in a very simple manner :— 
If one extremity of a tube of this glass be taken in the hand, and 
with the other an electroscope, previously charged, be touched, the 
electroscope is almost instantaneously discharged, unless, indeed, 
the atmosphere be very dry; but if the tube be divided into eight or 
ten pieces, fastened together by means of somewhat fine wire, and 
the electroscope be now discharged by means of this chain—part 
glass, part metal—it will be found that a considerable time is re- 
quired for the passage of the electricity. It may be shown, more- 
over, that the total resistance of a chain of the kind I have just 
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described is precisely equal to the sum of the separate resistances of 
the portions of the tube of which it is made up; in other words, 
the external resistances, of which I am here speaking, may be added 
to each other like the internal resistances, and consequently they 
have a constant value, which is independent of the intensity of the 
electric current. ‘This observation is of some importance, because 
it proves that the resistance caused by the contact of a glass tube 
with a metallic ring is not of the same nature as the resistance 
which is offered by an electrolysed liquid. The latter, as I have 
shown elsewhere (Comptes Rendus, 24th December, 1855), varies 
with the intensity of the current, and even with the duration of the 
electrolysation. I may add that the resistance to the passage of 
the current which results from electrolysation, never occurs without 
the electrodes themselves becoming polarized, whereas, in the case 
of the passage of electricity down a glass tube, I am convinced no 
polarization takes place. 

It may be said that the resistance which the electric fluid encoun- 
ters at the contact of the tube with the metallic ring, results 
from the stratum of air which is interposed between the glass and 
the metal; but it must be observed that this stratum of air exists 
as much in the case of white glass as in that of tube-glass, and that 
nevertheless the resistance, which with the one of these kinds of 
glass is very observable, is absolutely imperceptible with the other. 
It appears to me to be impossible to explain the concurrence of these 
facts except by means of the new property which I have designated 
external conductibility. 

When the resistance of a conductor is altogether external, as in 
the case of tube-glass, it would be expected, @ priori, to vary with 
the superficial extent of the metallic rings which connect the tube 
with the rest of the apparatus; and this is verified by experience. 
If, for example, the communications are made by means of broad 
bands, the resistance is much less than if wires of small diameter 
are employed. When, on the other hand, the resistance is altoge- 
. ther internal, as in the case of gum-lac, the electric fluid trans- 
mitted by a cylinder of given length is altogether independent of 
its fittings, and is the same with fine wires as with broad bands. 

The external resistance of a tube depends on the state of its sur- 
face, and may be singularly modified by the slightest friction. If 
one extremity of a long tube, the middle of which has been rubbed 
with a woollen cloth, be held in the hand, and the other be brought 
into contact with a previously charged electroscope, the electricity 
passes away from the latter almost instantaneously, as if the tube 
-had not been rubbed, thus showing that the internal conductibility 
of the tube has not been perceptibly modified by the friction it has 
undergone; but if the electroscope be again charged, and put in 
contact with that part of the tube which has been previously rubbed, 
the electricity escapes much less rapidly, showing that the external 
conductibility has been considerably diminished by the friction. 

The distinction which I have established between these two kinds 
of conductibility accounts for the following facts:—If a glass tube 
be held in the hand and rubbed against the copper stem of an 
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uncharged electroscope, the electroscope becomes charged with 
resinous electricity, while no vitreous electricity is to be detected in 
the tube. ‘hese facts are easily explained. The tube does not 
retain the vitreous electricity, because its internal conductibility 
being very great, this electricity can escape into the earth; but the 
electroscope remains charged with resinous electricity, because the 
small external conductibility of the tube only suffers it to escape 
very gradually. 

If, instead of holding the tube in the naked hand, you fix it to the 
extremity of an insulating handle, you can easily electrify it by 
rubbing it with a woollen cloth; if you then place it in contact 
with an uncharged electroscope, the latter becomes gradually charged, 
and the charge continues when the tube is removed. ‘The charge is 
effected slowly, on account of the resistance encountered by the 
electric fluid in passing from the tube to the electroscope; but it 
takes place without any change in the point of contact, on account 
of the facility with which the electricity passes from one end of the 
tube to the other. 

If, on the contrary, a stick of gum-lac be electrified, and an elec- 
troscope be simply touched with it, a permanent charge cannot be 
obtained unless the tension of the electricity be very great; since 
the internal conductibility being exceedingly small, the electroscope 
only receives the electricity of the parts of the stick with which it 
is in immediate contact. If, however, the electrified stick be drawn 
along the support of the electroscope, a permanent charge is readily 
obtained, since, the external conductibility being great, the points 
successively touched part at once with the electricity they possess. 
—Comptes Rendus, May 23, 1859. 


ON ALCOHOLIC FERMENTATION. BY L. PASTEUR, 


When the accurate analyses of Gay-Lussac and Thenard and those 
of De Saussure had definitely established the composition of sugar 
and aleohol, it became easy to show theoretically that by mixing 
alcohol and carbonic acid, the composition of sugar might be repro- 
duced. This was indicated by Gay-Lussac in a letter addressed by 
him to M. Clement in 1815, which concludes thus :—* If we suppose 
now that the products furnished by the ferment may be disregarded 
in relation to the alcohol and carbonic acid which are the only 
sensible results of fermentation, we shall find that of 100 parts of 
sugar, 51°34 are converted into alcohol, and 48°66 into carbonic 
acid during fermentation.” This deduction of Gay-Lussac co- 
incided with the views promulgated twenty-five years before by 
Lavoisier upon alcoholic fermentation, and it removed all the doubts 
which sooner or later must have been raised by the inaccurate expe- 
riments of that illustrious chemist. 

It was admitted, however, that experiment could not in all points 
confirm Gay-Lussac’s theories, for Lavoisier had rightly indicated 
that a small portion of sugar was transformed into an organic acid, 
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which he supposed to be acetic acid, but which has long since been 
identified with lactic acid. 

The results of the author’s experiments are at variance with the 
general opinions upon the products of fermentation :— 

1. The acid of alcoholic fermentation is never either acetic or 
lactic acid. ’ 

2. Alcohol and carbonic acid are not the only products of the 
splitting-up of sugar. They are always accompanied by succinic 
acid and glycerine. The proportion of succinic acid varies between 
5 and 7 thousandths, and that of glycerine between 25 and 36 thou- 
sandths of the weight of sugar set in fermentation. 

3. The alcohol and carbonic acid do not equate with a definite 
weight of sugar, that is to say, the alcohol and carbonic acid are 
not in the proportions indicated by the theoretical equation; more 
carbonic acid is evolved than is required by the weight of alcohol 
produced. 

4. More than 1 per cent. (1*2 to 1°5) of the weight of sugar is 
fixed upon the yeast in the form of various matters, amongst which 
are cellulose and fatty substances. 

Thus of 100 grms. of sugar which are fermented, 5 to 6 grms. do 
not follow the equation of Lavoisier and Gay-Lussac ; and this por- 
tion of sugar is transformed by assimilating water in such a way as 
to furnish in ordinary cases— 


grm. = grm. 

SUCCINICTACIO ee ce hee ee oe. ee. ee ONG One 

RP CERISE aie revere URE 9 vege maw atecin ins. niche Gos ater 3°2°,; 3°6 

Arbon acl mee Se ee ee oat 0653 (0:7 
Cellulose, fatty matters, and other products still 

undetermined: "2. enc tee a eee ee 1:2° 55 41%5 

Total.... 5°6 to 6°5 


The remainder of the sugar appears to correspund with the whole 
of the alcohol and the rest of the carbonic acid, in accordance with 
the equations of Lavoisier and Gay-Lussac. 

The question here arises whether the succinic acid and glycerine 
with the carbonic acid which accompanies them, may not he the 
results of a secondary and accidental action. This the author can- 
not admit, as in more than a hundred analyses of fermentations 
effected under the most different conditions, these products were 
always obtained. 

In wine also he found that succinic acid and glycerine are present 
in considerable quantity; 1 litre of wine contains 6 to 8 grms. of 
glycerine, and | to 1°5 grm. of succinic acid. ‘The solid residue of 
the evaporation of a litre of wine being from 15 to 25 grms., it will 
be seen that more than a third, and often more than half of the solid 
materials of wine have been unknown to the present day.— Comptes 
Rendus, June 27, 1859, p. 1149. 
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XXXVII. On the Percussion of Bodies. By M. L, Pornsor*,’ 


_ Cuaprter III.+ 


On the quantity of motion imparted to a body by the shock of a material 
point which strikes the body in a given direction. 
1. ET M be the mass of the body, G its centre of gravity, 
and through this ceutre let a plane be drawn perpen- 
dicular to one of the three principal axes of the body. At a point 
C in this plane the body is supposed to be struck by a material 
point having the mass m, and moving with a given velocity v in 
a direction perpendicular to the line CG{; required the quan- 
tity of motion which will be imparted to the body M in conse- 
quence of this shock. 

In the first place it is clear that the material point m, which 
before impact has the velocity v, will only retain a certain velo- 
city uv after the shock, and that it will then cease to act upon M 
because the point C will recede before it with the same velocity. 
The quantity of motion imparted to M by the shock will there- 
fore be equal to the quantity m(v—w) which m loses. 

The question reduces itself, then, to findimg the velocity u 
which m retains after impact. Now so long as m acts upon M, 
these bodies are necessarily in contact ; and since they are in 
contact, they may be supposed to be attached to each other 
during the time of action, however short that time may be. 
Hence the velocity u assumed by the point C of the body M, is 


. mated by Dr. T, A. Hirst from the Comptes Rendus, vol. xlviii. 
p- ; 

T For the first and second chapters see Phil. Mag. vol. xv. 

} The direction in which the material point moves is also in the plane 
perpendicular tothe same principal axis. ~ 


Phil. Mag. 8, 4, Vol. 18, No, 120, Oct, 1859. R 
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the same as that which the point C of a system composed of M 
and m would assume when struck in C by a force mv which 
passed entirely into this system. But this velocity is easily 
found. 

In fact let g be the centre of gravity of the system composed 
of M and m, x the distance CG, and x the ratio m: M; the lines 
gG and gC will be thus expressed: 
na x 
hes (ca Eb 

Let MK? represent the moment of inertia of the body M with 
respect to the principal axis under consideration passing through 
G, and (M+m)K” be that of the system with respect to a 
parallel axis through its centre g; then, as is well known, 


, ae Ss Ne ) n( 2z ). 
(M+m)K?=MK +M(" +m a 


whence 
(n+1)K?+nz* 
(n+1)* 

Further, the force mv applied to the system M +m at the distance 
a 
n+ 1 
velocity === or oe common to all its points; and secondly, 


Ki? = 


from its centre of gravity g imparts to the system, first, a 


a rotation around g with an angular velocity @ such that 
| mi =(M+m)K"6. 2 
This gives for @ the value 
p— me 
(n+ 1k” 
and for the velocity of the point C in consequence of this rota- 
tion @, the value 
nvx? 
(2 4+-1)°K'?” 
These two velocities of the point C being like-directed, its 
total velocity u will clearly be 
nv nvac? 
= ol + @+1pK® 
or, substituting the above value of K’, 
ett i ala 
(n+ 1) K*+4 na?’ 
whence we deduce for the quantity of motion which is imparted 


4 


: 
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to M by the shock of the material point m the value 
K2 
(n+1)K?+n2* 

2. From this expression we learn that the quantity of motion 
imparted to M diminishes when z increases, so as to become 
zero when the shock takes place at an infinite distance from the 
centre of gravity. When #=0, that is to say, when the shock is 


given at the centre of gravity G, the imparted quantity of motion 
mv 


m(v—u) =mv 


becomes, of course, ; lt is the greatest value m(v—u) can 


n+1? 
have. 

Let us now conceive m and v to vary in such a manner as 
always to give the same product mv, and let us inquire how m 
and v ought to vary with the distance z in order that the quan- 
tity of motion imparted to M may always remain the same. 
Since the numerator mvK? in the expression for this quantity of 
motion is, by hypothesis, constant, it is clear that the denomi- 
nator must be so also; and consequently, neglecting in it the 
constant quantity K*, we must have 


n(K* + 2%) = const. = B?; 
whence it follows that 


_ MB _ P(K2-+2%) 
m= K?+ and v= — 3B?’ 


where P simply represents the constant product mv. 

Thus m and v must vary as these two reciprocal functions of 
# in order that the material point m, endued with the velocity v, 
may impart to M the same quantity of motion, whatever may be 
the distance 2 of the point of impact C. 

Instead of the constants B® and P, two others may be intro- 
duced more closely related to the data of the question. Thus if 
my and vy be the mass and velocity of the material point when C 
corresponds to «=0, we shall have 


TB PK? f 
Mo= ET and v= Ware . 
whence we deduce 
2 
B? ss tor and P=myvy; 
80 that the two variables m and v have the values: 
. K?2 K?2-+- a? 


M=Myoy~s——z and v=v,———- 
0K24 42 0 K? 


~ Thus at the distance # from the centre of gravity the mass m 
R2 
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of the hammer must have the value m, and its velocity 


K2 
K2+4 22 K?+ 4” 
v the value vp Ke in order that by the shock the same quan- 


tity of motion 
Mo NE +m, 


may be transmitted to the body M, that is to say, in order that 
the same constant velocity 

Mo 
M+m 


may be communicated to the centre of gravity G of M. 

3. But if the same velocity is imparted to the centre G, what- 
ever may be the distance x of the puint of impact, the same ve- 
locity of rotation around G will not be communicated ; for this 
velocity, which, according to art. 1, is expressed by 


U% 


pene 12 STU 
~ M (x+1)K?+nz” 


clearly depends upon z; in fact, putting for m, v, and x the pre- 
ceding values, 0 becomes 


gz austin Toh te 
=™0"0 K2(M +t mo)’ 


and consequently is proportional, as it clearly should be, to the 
distance 2 from the centre G at which the stroke is applied. 

4. If we suppose the mass of the point m to be infinitely 
small, and its velocity v infinitely great, so that the product mv 
may be equal to a finite quantity P, we shall find, by putting 
n=O, that the force m(v—u) transmitted to M becomes 

m(v—u) =P, . 
that is to say, equal to the force mv itself; which jatter, therefore, 
is entirely imparted to the body M. 

On this hypothesis we may form a natural idea of what is 
meant by a force being impressed upon a body. We may con- 
sider the same as the percussion of an infinitely small corpuscle 
which strikes the body with an infinitely great velocity. Since 
the finite mass M is not augmented by the addition of the cor- 
puscle, we may assume that after the shock the latter remains 
attached to the body, and thus that all the force passes to M. 

In this manner we can conceive why the force is proportional 
to the velocity. For if we regard this force as proceeding from 
the action of several equal corpuscles which strike the body suc- 
cessively with equal and infinite velocities, we see that, since the 
first simply gives a finite velocity to the body M before at rest, 
the second corpuscle, which arrives with infinite velocity, will 
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again have the same action on M as if this body were at rest, 
and consequently will impart to the same a new velocity equal 
to the first, and so on. 

5. Let us next suppose the body M to be placed upon a fixed 
support, applied at a point F whose distance from the centre of 
gravity Gish. If the body were struck with any force Q at the 
point F and at right angles to the support, it is evident that the 
direct percussion upon the obstacle would be measured by the 
force Q itself. 

But if the body were struck with the same force, and in a 
parallel direction, at another point C taken on the line GF at 
the distance xv from G, the percussion on the obstacle would no 
longer be the same as before, but would be dependent upon the 
distance v in a manner which requires to be determined. 

Regarding F as a centre of percussion, let the corresponding 
spontaneous centre O of rotation be sought. To determine its 


distance OG=a, we have the equation ah=K®, which at once 
2 


gives a= . 


This found, imagine the force Q, which strikes at C at the 
distance # from the centre G, decomposed into two other parallel 
forces P and R, striking respectively at F and O. It is evident 
that this latter component which acts at O can produce no per- 
cussion on the support applied at F, for F is a spontaneous 
centre of rotation with respect to O regarded as a centre of per- 
cussion. The component P, therefore, which falls directly at F is 
the only one which causes a percussion against the fixed obstacle. 

But by the composition of forces we have 


Q:P=a+h:a+z2, 


whence results, on putting for a its value i? 


Such is the percussion produced upon a fixed support, placed at 
the distance from the centre of gravity of a body, by a given 
force Q which strikes that body at a distance x from the same 
centre. 

6. From this expression it will be seen that, by applying one 
and the same force Q at a convenient distance from the centre 
G, we may produce upon a fixed obstacle a percussion of any 
magnitude, and that in any direction,—a theorem which appears 
to be worthy of note. 

If we suppose z=h, we have P=Q, as it clearly should be; 
for then the force Q strikes the object itself directly. . 


* See Chap. I. art. 5. 
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2 : 
If <= —a=— =. then P=0; that is to say, a force applied 


at O causes no percussion on the support F,—a consequence 
which is also evident. 

Putting a+#=y, and representing the line a+h by J, the 
preceding expression for P takes the simple form 


P=Q.3; 


whence it is visible that from the point O, regarded as the origin 
of the distances y at which the body M is struck by the force Q, 
the percussion produced on F increases uniformly, like the ordi- 
nates of a right line, and that it has the same values on the 
right and on the left of this origin, except that the signs are 
changed. , 

7. It will no doubt appear remarkable that with the aid of a 
free body M placed upon a support, and by employing the same 
force Q, it is possible to produce a percussion on this support 
not only greater than the force Q itself, but greater than any 
given percussion. But this theorem supposes that the force Q, 
at whatever distance it may be applied, is entirely transmitted 
to the body M. It would be incorrect to conclude that, with a 
hammer of the same mass m striking with the same velocity v, 
any required percussion could be produced upon an obstacle by 
means of an interposed body M; for the force mv of the hammer 
would only be partially transmitted to the body, and this part 
would diminish as the distance of the point of impact increased. 

But if the hammer and the velocity of its stroke be changed 
at each distance 2, so that m may be inversely, and v directly 
proportional to K* + 2, the quantity of motion transmitted to M 
will always be the same (art. 2). Representing, then, by g this 
constant quantity of motion imparted to the body M, the per- 
cussion against the support F will be expressed by 


K?+he 
K2+ 2?’ 


whence we learn that, with the aid of an interposed body M, it 
is possible to produce a given percussion of any magnitude upon 
a fixed support by means of the shock of a material point endued 
with a convenient mass and velocity. The hammer-stroke may 
here be regarded as the same, for the product mv is constant. 

8. On making «=A, we find P=q; and yet, since the shock 
is then direct, we ought to have P=mv=Q. To explain this, it 
is necessary to remark that throughout this analysis it has been 
assumed that, after the shock of m upon M, the residual force 
mu in the hammer is no longer employed, so that the percussion 


Pag 
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upon F, proceeding from the motion g imparted to M, is the 
only one considered. 

Y. If we suppose m and M to become attached, the percussion 
produced at f, whose distance from the centre G of Mis A, will 
be found to be 

K? + he 
K°+h? +n(x@—h)??’ 
as may be easily verified by seeking the force P with which a com- 
pound body M+ m, animated by a force mv applied at the distance 
x fiom the centre G of M, and consequently at the distance 


P=mv. 


y from the centre g of M+m, would strike a sila f at the 


n = = 
the centre g of ies 
10. Setting z=h, we have P=mz, as it should be when the 
shock takes place at the point / itself. 
As @ increases from «=0 to x=h, the numerator of the fraction 
increases and the denominator decreases ; for both which reasons 


K*. mv 
the percussion P increases from P= tate to P=mv. 


When z= — =f P=0, as it should be; for then the point m 


strikes at a aN or centre of percussion O, with respect to which 
fis a spontaneous centre of rotation, and under such circum- 
stances f can suffer no percussion. 

When z=~, P is again zero, so that there is a point which 
corresponds to a maximum of P. 

11. To find the distance # which corresponds to this maximum 
of P, we have 


orally (e+) (147) ]=0; 


or, putting for n its value = 


21K? M 


x? + oa —| 2K? +h? + = (K2-+%) |=0; 


or, making K?=ah and a+h=l, 


a? +-Qan— (ai ue 4 ah) = 


This equation gives two values of x corresponding to poinis situ- 
ated at equal distances from, and on different sidcs of O, for 
which a= —a. 

12. As an example, let us take the case of n=1 or m=M, 
andh=K. Here the masses m and M are equal, and the sup- 
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port f is placed under the centre of the greatest percussion which 
the free body M can produce when turning around its centre of 
gravity G*. 

In order to determine the value of x which corresponds to the 
greatest shock which a hammer-stroke mv can exercise on the 
point f, we have now the equation 

a? +2Ka—5K?=0, 
whence we deduce 
a=—K+K V6. 


Substituting this value in the expression for the percussion P, 
we have 
. +76 : 

127476 
Now “6 being greater than 12—4 4/6, we have for the first 
value of x, P> mv; this value of 2 therefore corresponds to a 
maximum of P. When the lower signs are taken, P is negative 
and less than mv; so that this value of x corresponds to a maxi- 
mum negative value of P. 

The curve, obtained by regarding P as ordinate and # as ab- 

scissa, is of the third order; in the present example its equa- 
tion is 


=m 


K24 Ke 
2K? + (@— Ky? 


whence it is seen that the curve cuts the axis of x (P becomes 
zero) at the point = —K 
When z=K, P=mv; when v= +0, P=+0, and the axis 
of x is an asymptote to the curve on both sides of the origin. 
Changing the origin to the point ¢= —K, we have, on making 
2+K=y, 


P=mv 


a] Ky 
P=mv ya 4Ky 46K? 


and the values of y which correspond to the two maxima of P are 
y= KV 6. 


The first distance y=K G6 corresponds to a percussion P 
greater than mv, and consequently greater than if the support f 
had been struck directly with the same force mv. The second 
value y=—K 6 corresponds to a negative percussion P less 
than mv; it is of course assumed that the support f resists in 
both directions. Thus in order, with the same hammer-stroke 
mv= Mz, to produce the greatest possible percussion against the 


* Chap. I. art. 23. 
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support f by means of an interposed free body M placed on the 
same, with its centre of gravity G at the distance K from the point 
of contact f, we must strike, not at the point f itself, but at a 
distance K /6—2K beyond the same. 
If, in the general expression 

K?+he 
K?+ h?+n(a@—h)” 
we suppose m infinitely small and »v infinitely great, whilst mv 
remains equal to a finite quantity Q, we have, since n=0, 


K2+he 
P=Qaa ae’ 


P=mv 


which agrees perfectly with a previous result in art. 5, 


Cuapter LV. 


On the method of reducing to the theory of the motion of free bodies 
that of bodies supposed to be impeded by fixed obstacles. 


1. Hitherto we have considered perfectly free bodies alone ; 
but in mechanics it is often necessary to consider bodies which 
are only free to turn around a fixed point or axis, to slide over 
an immoveable plane, and so forth. Instead of new principles 
being required for the solution of problems of this kind, it will 
be seen that the preceding ones suffice, and that our theory may 
be applied in the most direct and natural manner to the singular 
cases where some fixed obstacle is supposed to impede the move- 
ments of the body. 

2. In fact there is no fixed body in nature. A so-called fixed 
point is in reality merely a point invariably attached to some 
body whose mass, being very great, is regarded as infinite in 
comparison with that of the moving body under consideration. 
In place of a so-called fixed point, then, we may always conceive 
a free point endued with an infinitely great mass; in other words, 
a point in which an infinite quantity of matter is supposed to be 
concentrated. 

In this manner, instead of a body of any figure and finite mass 
M moveable around a point I supposed to be fixed, we have 
merely to consider a free system composed of the same body M, 
and of a material point of infinite mass p attached to M at the 
point I. 

3. It is evident that the centre of gravity g of such a body or 
system will fall infinitely near the pomt I; and that this centre, 
being charged with an infinite mass 4+ M, can only receive an 
infinitely small motion in virtue of the action of any finite forces 
supposed to be applied to it. This centre of gravity g, therefore, 
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remains immoveable under the action of such forces, and consti- 
tutes in reality what we call a fixed point. 

4. But if the force of inertia or mass of the system M+vyp is 
- infinite, the moment of mertia around an axis passing through 
the centre g has a finite value which, as will be seen, is exactly 
the same as the moment of inertia, with respect to the same axis, 
of the simple body M, Hence, although the centre of gravity g, 
in consequence of the infinite mass M+y with which it is 
charged, remains immoveable under the direct action of all the 
forces of the system removed, parallel to themselves, to the 
point g, the body will not remain immoveable under the action 
of the couples which such a removal originates, but will receive 
a finite rotation @ around the centre g, in consequence of the 
finite value of its moment of inertia with respect to an axis 
through this point g. 

Hence to solve dynamical questions with respect to a body 
compelled to turn around a fixed point, it will suffice to apply 
the solutions already found for a free body, provided that in so 
doing we regard the fixed point as the centre of gravity of the 
body, suppose the mass of this body to be infinite, and give to 
its moment of inertia the true finite value, which we shall now 
proceed to determine. 

5. For greater clearness let us suppose, in the first place, that 
this material pot which we attach at I to the proposed body M, 
has only a certain finite mass yz, and let us seek the moment of 
inertia of the system with respect to its centre of gravity g; we 
shall then sce what the expression («+ M)K? of this moment 
becomes when p is supposed to be infinite. 

6. Let G be the centre of gravity of the simple body M and 
d the length of the line GI. The centre of gravity g cuts this line 
IG into two segments, 7 and d—1, inversely proportional to the 
masses M and yp, so that 


7 (5 Oey I a 
tlgsd owe d i= Gg we 


Now the moment of inertia of the material point ~ with respect 
to the centre g is evidently uz*; and that of the body M with 
respect to the same point is composed, jirsé, of its moment of 
inertia around its own centre of gravity G, which may be repre- 
sented by MD?; and secondly, of the product M(d—z)? of the 
mass of the body into the square of the distance (d—?) of its 
own centre G from the point g. Adding these values, we 
have for the moment of inertia (u+M)K? of the system the 
value 


(w+M)K?=pi?+M(d—1)?+MD?; 
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whence, putting for 7 and d—7 the preceding values, we deduce 


(u-+M)K*=M i 3) 


LS de 
bu 
If herein we suppose the mass yw to increase from zero to infinity, 
the moment of inertia will clearly increase from its least value 
MD? to its greatest M(D?+d?); sothat making ~=oo in order 
to pass to the mathematical hypothesis of a fixed point in the 
body M, we have 
(u + M)K?=M(D? +d’), 


which is precisely the value of the moment of inertia of the 
simple body M with respect to the fixed point I. 

7. The moment of inertia of the system having, therefore, a 
finite yalue, it is evident that if we represent the same in the 
ordinary manner by the product («+ M)K®, the line K or arm 
of inertia ought to be regarded as zero, the mass (4+ M) being 
infinite. Nevertheless it is well to notice that this infinitesimal 
line K is infinitely great when compared with the distance i from 
the point I to the centre of gravity g of the system, just as the 
sine of an infinitesimal angle is infinite with respect to its versed 
sine. In fact, if we compare the expression for K®, which is 


k= yM| d2+D2(1+ =) 


+My 
with that for i?, which is 
M? 
ge ee, 
et (w+ My? 
we find 
M 
24 Dts 
ee $ +D (14 =) 
ee M d? 3 


; ! pri >> 
which, on making w=, gives BH, and shows that K is 


infinite times greater than 7. 
2 
On the other hand, it will be seen that the quantity ai which 


in geometry represents a line, corresponds here to a finite line J, 
and not to an infinite one, For on multiplying both sides of the 
preceding equation by i, and in the second member replacing ¢ 
1 

7) we find 


by its value d = M 
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M 
Kes, e+D(1 Gin =) 


: a(1 + J 
be 


whence is deduced, on making w=, 


K2 d?+D? D?2 

es ae ee eee 
This is precisely the expression for the distance IC between the 
point I and the centre C of oscillation of the body M around I. 

8. Herefrom we learn that the same point C, which; in the 

simple body M, is reciprocal to the point I, is also reciprocal to I 
in the system composed of the same body M and of the material 
point of infinite mass w placed at I. If, then, we suppose the 
system to be struck at an infinitely small distance 2, to the right or 
left of the centre g, the spontaneous centre of rotation C will be on 


2 
the other side of g at a finite distance J=d+ =e But however 


small the distance 7 between the point of impact and the centre 
g may be, we may always conceive another point O to be situ- 
ated between the two at a distance # from g imfinitely small with 


2 
respect to 2, so that the expression = shall: be infinitely great 
2 


: ; i€ 
in comparison to — ; hence since the latter corresponds to a 
ae: | oped idee aes 
finite line /, the former — will represent an infinite line; and 
wv 


the spontaneous centre C! of rotation which corresponds to the 
centre of percussion O, will be at an infinite distance from the 
centre of gravity g. Whenever, then, in our formule we en- 


oe Aw ; : 
counter the expression — wherein we have to make the inde- 
Q 
pendent variable x equal to zero, we must take “= 2 , although 
ar of MARE ae Fe 
the similar expression ap corresponds to a finite line 7 when the 


variable 7, which in this case depends upon K, becomes also equal 
to zero. 

9. In dynamics, therefore, we must guard against confound- 
ing this infinitely small line K, which represents the arm of 
inertia of the system, with the infinitely small line 7 which de- 
termines the distance from the centre of gravity g of the material 
point yw attached at I, although both these lines become zero 
under our hypothesis of w=oo. At the same time we must 
carefully distinguish between the true values of the expressions 
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K? K? ee } 4 
<s and ar for the first, wherein 7 and K are both variable with 


im De , 
#, represents a finite line J=d+ oe whereas the second, in 


which z is independent of yw, denotes an infinite line when x=0. 
These delicate distinctions are as necessary in dynamics as they 
are in analysis; in both the gravest errors are incurred by ne- 
glecting them. 

10. To give an example, let us suppose that, our system hay- 
ing received the impulse of a given couple N, we require to know 
the force Q with which the body would strike a fixed point T 
presented to it at any distance x from the centre of gravity g. 
It has been shown in another place* that this percussion Q has 
the value 

x 
Ka" 


and that the maximum of Q is at the point T which corresponds 
to =K, that is to say, at the extremity of the arm of inertia K 
of the system. Now since this line K is zero in the present case, 
one might conclude that the centre T of maximum percussion 
coincides with the centre of gravity g,—a conclusion which, in 
dynamics, would be a great error; for it is easy to see that at 
the point g the percussion is zero, whilst at the point T (2=K), 
although infinitely near to g, the percussion is infinite. 
In fact the expression 


Q=N 


v 1 
oe eee K2 


becomes, for z=0, 
1 


gaa Naa 


as it clearly should, since the system actually turns on its centre 
of gravity, and therefore can cause no percussion at this point. 
But, making 2=K, the expression becomes 
1 
ving 2 
Q=Navs 
whence, on taking for K its value, which is here zero, we have 
1 
=N-=o. 
Q 0 
11. Similarly, if the body, instead of being animated by a 


* See Chap. I. art. 23, 
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couple N, had received the impulse of a single force P passing 
at a given distance 5 from the centre g, i which case the per- 
cussion Q which the body would be capable of producing at any 
distance a from this same centre g would be expressed by 


we might be tempted to conclude that the centre T of maximum 
percussion, whose distance is expressed by 


Ke Kk 
= ty / wey 2 


coincides here also (since K=O) with the centre of gravity g. 
But this would be a theoretical error similar to the preceding ; 
for at the point gy, where =O, the percussion Q is precisely 
equal to the force P, whereas at the point T, which corresponds 
to the preceding value of #, the percussion is infinite*, 

12. To obtain more precise ideas, however, and to avoid all 
error in our applications, it will always be better to suppose the 
mass « to be not infinite, but merely very great, and thus to 
preserve this letter throughout our analysis. All quantities 
will then be quite distinct, and their true mathematical values, 
under the hypothesis of w=oo, may be determined. This 
method of regarding jz, not as infinite, but merely as very great, 
is at the same time more natural; for in reality there exists 
neither body nor point whose mass is infinite; the supposition 
of such existences is not less imaginary than that of a fixed 
point. All that we really know by experience is that a body, 
e. g. a lever, may be supported at one of its points against an- 
other body whose mass is so great that its motion, in consequence 
of the applied forces, is very small, and as it were insensible, in 
comparison with that of the moveable body in question. 

Perhaps it will not be useless to elucidate these theoretical 
points still more by a few numerical applications. 

13. Example.—A rigid and immaterial rod C O is loaded at 
its extremities C and O with two material points M and yp, and 
struck at C with a force P; required the percussion which the 
rod would produce against a point T taken at the distance GI=2 


* The maximum percussion (Q), as determined from the last two equa- 
tions, has the value 


| +P5 
Dy Reads Ses 
ets 


which, when K vanishes, clearly becomes infinite. 


M. Poinsot on the Percussion of Bodies. 255 


from the centre of gravity G of the system of the two masses M 
and p. 
0 G. 
Be 


T $$ 
A M 


Qi 


Setting the length of the line CO=/, and GO =z, the moment 
of inertia of the system around its centre G will be 


(M+) K?=pi?-+M (Ia), 


where K represents the arm of inertia; we have, further, 


ose) 5 ME hina hag 
aS ees and ar AS rE 
so that 
yM?+Myp?_ ,, »M 


M+p)Ke=?, a 
Ee) (M+y)? ~ M+p 


whence we deduce 
Eee 2 ee er 
Me (M+ apa i). 
The percussion Q produced at T, at the distance x from G, is 
expressed by 


gap Ke+al-1) 


and the value of # which corresponds to a maximum of the 
percussion Q is easily found to be 


whence, substituting this value of x in the expression for Q, the 
maximum percussion Q, will have the value 


rs l—i 
Q=5(14 4/14), 
or, as otherwise expressed, 
=P / Ke 
Q= 5149/14 my: 


Evample.—Let us take the case of M=1, »=9999, which 
gives a =9999; we have at once 


256 M. Poinsot on the Percussion of Bodies. 
9999 


dei er « 
w Kouo 
1 
t=1. 70009" 

whence 
K? _ , 9999 
|G. = 10000- 


The abscissa 2, of the point T, where the greatest percussion 
takes place, is 


ay — so000 £100) 
= l( 10000 = 100/ ’ 


this maximum percussion itself is 


- — P 

Qo= 5 (1+ 710000) = 101 = 

at the point T when it acts in the same direction as P; and at 
the point T’, reciprocal to T, its intensity is 


Q= = (1— V10000)= —99 2 
o= 3 (1— ¥10000)= — 99 5, 
and its direction opposite to that of P. 

In this example, then, where the rod OC is loaded at its two 
extremities with material points ~ and M, whose masses are in 
the ratio of 9999 to 1, and where the point M is struck by a 
force P, the maximum percussion is 50 times the impulse P; 
and at the point T’, reciprocal to T, it is 49} times this force P, 
but in an opposite direction to the same. 

The point T of greatest percussion is between the centres G 
and C; the other point T’ of maximum negative percussion is 
on the other side of the centre G. These two points, T and T’, 
are very near to the centre of gravity G; the first T being at a 


: 99 ; : 
distance GT equal to 10000 of OC, the other T’ at a distance 


GT’ equal to T0000 of the same line OC: their mutual distance 
. 200 1 
I] — 
TT’ is therefore 10000 I= 5 l. 
79999 _ 1 


The arm of inertia K of the body around G is / “= —— 
10000 100 
nearly, and TT’=2 + 2'y is exactly double the arm of imertia K! 
with respect to O; for 
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1 


2 K24 27 8 pe 
K?= K?4 2=i—?+?=a=1 - T0000" 


1 1 
| hey, Sina lh kom 
K’=1.709 and eK=le, 


hence 
TT’ =2K’' *, 


14. If in the formule of art. 13 we assume yu infinite with 
respect to M, in order to pass to the mathematical hypothesis of 
a fixed point O in the rigid rod OC, which is loaded at C witha 
massive point M, we shall find for the moment of inertia 
(M+ ,)K” around the fixed point O the value 


(M+y)K2=MB; 


the same as the simple body M would give around the same 
point. But the arm of inertia becomes 


M/? 
= =0 
12 seep 


though = represents a finite line equal to 7. Thus, although 


2 


K’ is infinitely small, it is infinitely greater than 7; in other 
words, the arm of inertia K! bears the same relation to the di- 
stance 7 of w from the centre of gravity G of the system, as the 
sine of an infinitesimal are does to its versed sine. 

When C is the centre of gravity of a mass M of any form, 
# remaining a massive point, the moment of mertia of the 
system of » and M around its centre of gravity G is 


Sia gear ) 
M 
Ae 7 


D being the arm of inertia of the simple body M around its 
centre of gravity C. Making yw infinite, in order to pass to the 
hypothesis of a fixed point at 44, we deduce the moment of inertia 


(M+y)K°=M(D°+2@), 


which is the same as if the point w were annihilated. 

In conclusion, it results from what has been said of the motion 
of a body M around a fixed point O, that, as in the case of a tree 
body, the ordinary centre of percussion is not the centre of the 
greatest percussion which the body is capable of producing 
against a fixed point T, suddenly opposed to its actual motion. 


* This result is general, since from the two values of zo the distance TT’ 
is always equal to 2/il=2K'. 


Phil, Mag. 8, 4. Vol. 18. No. 120. Oct. 1859. S 
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This latter centre is infinitely near the fixed point O, and this 
percussion is infinitély great. 

15. In a former article* we found that the point by means 
of which a body M can communicate the greatest possible velo- 
city to a free point of the mass m, before at rest, is not the centre 
of greatest percussion of the same body against a fixed poimt, 
but that it is a new point situated at a distance A from the spon- 
taneous centre of rotation O of the body M expressed by 


naan /ore(ia 8) 


where K is the arm of inertia of the body M with respect to its 
centre of gravity G, and a the distance of this centre G from the 
spontaneous centre of rotation QO. If, in place of the simple 
body M, we consider the system M+ composed of M anda 
material point w placed at 1, we must change, in the preceding 
expression for A, M into M+y, K? into K”, and a into a't, 
K’ being the arm of inertia of the system with respect to its 
centre of gravity ; in this manner we find 


r=d?+ KP(1 + eit 3) 
or 


real Key MAM Kee, 
m 


If we now put ~= 00, in order to pass to the hypothesis of a fixed 
point at I, around which the simple body M turns, we shall have 
K'=0, @d=0, (M+ y)K’?=M(K?+d’), 
where K is the arm of inertia of the simple body M around its 
centre of gravity G, and d the distance of this centre from the 
fixed point 1; M(K?-+d?) is clearly the moment of inertia of M 
with respect to the fixed point I, . 
Thus when a body M turns around a fixed point I, the centre 
V of greatest velocity communicable to a free point m is at a di- 
stance from I equal to 
Iv=, /M(K’ +a’) 


m 


This point V, therefore, depends upon the ratio which exists be- 
tween the mass M of the striking body and the mass m of the 


* Chap. I. art. 30. 


+ Here a'=—, where h' denotes the finite distance of the centre of per- 


cussion from the centre of gravity of M+y. 
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body struck, the distance IV being proportional to the square 


root of the ratio a 


When m=M, IV becomes simply VW K?+d?, in other words, 

equal to the arm of inertia of the body with respect to the fixed 
point. 
__Ifm becomes infinite, and thus itself represents a fixed point, 
IV becomes zero; the fixed point I or centre of rotation then 
becomes the centre of maximum percussion,—a result which agrees 
perfectly with one previously established (art. 14). 

If m were very small in comparison with M, the distance I V 
would become very great. 


XXXVIII. On the Thickness of the Crust of the Earth, By the 
Venerable Joun Henry Prart, M.A., Archdeacon of Calcutta. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 
1 Rel your Number for June last, Professor Haughton has replied 
to my remarks in your May Number on his investigations 
regarding the internal constitution of the earth’s mass. I shall 
feel obliged by your publishing the following rejoinder. 

1. Professor Haughton states, (p. 397) :— The fallacy in rea- 
soning of which I am accused, is deliberate, and consists in assu- 
ming the same law of ellipticity and density to hold both for the 
crust and for the nucleus.” 

These words at once show me that Professor Haughton has 
misapprehended my meaning. The fallacy I referred to was 
this—that in the same course of reasoning he virtually assumed 
two principles or conditions, and those opposed to each other: 
viz. (1) that the same law of ellipticity and density holds for the 
solid and fluid parts of the earth; and (2) that the same law 
does not hold. 

The first of these is tacitly asssumed in obtaining his equation 
(13) from his equation (12), or my equation (2) from my equa- 
tion (1), as shown in my paper in your May Number. The 
second is to be found a little more than a page further on, in 
page 266 of Professor Haughton’s original paper in the Royal 

rish Transactions, vol. xxii., where he states that two hypo- 
theses are necessary regarding the density of the solid and fluid 
arts. 
x 2. Professor Haughton’s investigation, morcover (as I stated 
in my former communication), is one regarding densities only, 
and in no respect touches the question of solidity and fluidity. 
After he has got his equation to a stratum, he introduces no 
$2 
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physical property or condition into the problem by which the 
solid and fluid parts may be distinguished. Mr. Hopkins intro- 
duces the condition that the fluid part presses according to the 
laws of fluidity against the solid parts and produces a preces- 
sional motion in them, which is an object for measurement. 
Mr. Hennessy, in his investigation, introduces physical conditions 
which serve the same purpose according to his method of treat- 
ing the problem. But this Professor Haughton does not do. 
His investigation, therefore, isnot one which affects the problem 
of the thickness of the earth’s crust one way or the other. 

3. It is against the assumptions which are made in attempting 
to solve this problem that Professor Haughton protests ; and not 
least against “ Laplace’s arbitrary law of density.” He will 
find others who agree with him in this, at any rate to a consi- 
derable extent. Had this been his only apparent objection, I 
should not have written my former paper. But as he had taken 
up the subject as a physico-mathematical one, and had brought 
to bear upon it the only machinery which is of any value and 
power in such problems—the analysis of Laplace—his investiga- 
tion seemed to call for special attention. 

4. And now one word with regard to “ Laplace’s arbitrary 
law of density.” If we are to make no hypotheses, there is an 
end to all philosophizing, and to attaiming results such as have 
been reached in the first mstance only by such guides and helps. 
Of course an hypothesis, to be worth anything, must be reason- 
able. In this respect Laplace’s law cannot be said to be alto- 
gether arbitrary. It is a priori not at all an improbable law; 
and it brings out physical results in the problem of the figure of 
the earth which well accord with fact. Of course, a philosopher, 
remembering on what basis results deduced from this law rest, 
will receive them with confidence proportionate to his belief in 
the probability that the law correctly represents the facts of 
nature. But I hardly think that “calculations” thence pro- 
ceeding “ must be only regarded as so much useless and learned 
labour in vain.” 

5. In commenting upon my argument for a large thickness, 
drawn from the circumstances of the Himalaya Mountains and 
of the vast ocean in these eastern parts, Professor Haughton 
points out what is very likely to be a mis-statement—and indeed 
is certainly so, if the law of density of cooling masses, such as 
the earth consists of, is the same as that of metals and some 
kinds of lava at the earth’s surface. He quotes the following 
words from me, the italics being his own :—* It has been sug- 
gested that the crust may project downwards into the lava so as 
to be supported by buoyancy. But this will not produce the 
desired effect ; for the crust being formed from the liquid, will 
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have pretty nearly the same density as the parts of the lava from 
which it was formed; if anything, it will be somewhat more dense.” 
And then he adds an expression of surprise that I should base a 
theory “ ona physical assumption contrary to all our experience.” 

It was for a long time thought that the law of water becoming 
heavier as it cooled to a certain point, and then lighter before 
solidifying, was unique. But Mr. Nasmyth has shown that this 
is common to many bodies, though the interval through which 
the law changes is generally so small as heretofore to have 
escaped observation. This new law may, then, be true for the 
earth’s mass; in which case the words in italics should be struck 
out. (See ‘ Year Book of Facts,’ 1858, p. 128.) 

But although Professor Haughton has given special emphasis 
to these words, it is obviously not upon them that my argument 
turns, but upon the words before, viz. “the crust being formed 
from the liquid, will have pretty nearly the same density as the 
parts of the lava from which it was formed.” The deviation im- 
plied in this “ pretty nearly,” even if it be the wrong way, can- 
not make difference enough to meet the downward force of the 
preponderating mountain mass, aided by the deficiency of coun- 
teracting pressure from the ocean, as explained in my paper. 

6. I need not say that it was entirely unintentional on my 
part to misrepresent Professor Haughton’s meaning, as he thinks 
I have done in one place. He says, “The answer to this pro- 
blem comes out to be 768 miles, which Archdeacon Pratt, by 
some strange misconception of my meaning, takes to be my de- 
liberate conclusion as to the thickness of the crust of the earth.” 
(Phil. Mag. p. 397.) 

What I stated was this :—“ Mr. Haughton makes the thick- 
ness less than 768 miles, but also adds that, in fact, ‘the subject 
would appear to be excluded from the domain of positive science, 
and to possess an interest for the mathematician only.’ ” 

The ground of my saying this was the following passages in his 
original paper :—‘ This [768 miles] is the thickness of the earth’s 
crust, on the [improbable (p. 267) | hypothesis that both crust and 
nucleus are homogeneous.” “TI will now prove that this thick- 
ness of crust is a major limit to the depth to which the density of 
the rocks at the surface can extend into the interior, the density 
being supposed heterogencous.”’ (P. 268.) “The results which 
have just been obtained are to be regarded merely as examples 
of the manner in which the equations should be used, if we were 
acquainted with the laws of density and ellipticity of the solid 
and fluid parts of the earth.” (P. 269.) “The subject would 
appear to be excluded from the domain of positive science, and 
to possess an interest for the mathematician only.” (P. 266.) 

7. The question at issue regarding the thickness of the earth’s 
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crust is not, What is its precise value? but, Whether that value 
is a very small or a very large fraction of the radius? I am 
strongly inclined to regard Mr. Hopkins’s investigations as con- 
clusive on this point, as I have already stated. I do not regard 
his calculation as an exact one, nor do I conceive that he does so 
himself: it is rather, I may say, a calculation of tendencies; or 
perhaps it may be called the proximate solution of a hypothetical 
problem, which he applies with the necessary modifications to 
the case of nature, in order to ascertain which way the evidence 
tends—towards the thickness being very small or being very 
great. No other calculation that I have seen, conducted on 
physical principles, grapples with this subject. 

8. The evidence which Mr. Hopkins’s solution gives in favour 
of a great thickness receives, I conceive, additional force from 
the arguments drawn from the circumstances I pointed out in 
this part of the world, where we have an enormous mass of 
mountain-ground pressing downwards, and a vast ocean coopera- 
ting with it by its deficiency of weight, in tending to break 
through the crust with a force which it could not resist if it were 
not of considerable thickness. 

Caleutta, July 25, 1859. J. H, Prarr. 


XXXIX. On the Isomorphism of Stannic Acid, Silicie Acid, and 
Zirconic Acid (Zirconia). By Gustav Rosz*. 


QAINCE Marignac found that the fluostannates and the fluosi- 
licates have the same crystalline form and are isomorphous, 
the reasons for assuming that silicic acid, like stannic acid, con- 
tains 2 equivs. of oxygen preponderate so greatly that there can 
be no longer any doubt as to the admission of this assumption. 
It would also be no subject for surprise to find silicic acid in the 
form of tinstone, or stannic acid in the form of quartz. In fact 
the first case is no longer a mere opinion, but has distinctly 
occurred ; since it is known that tinstone and zircon exhibit such 
an agreement in the angles of their crystals, in the development 
of the system, and in the direction of the cleavage, that the 
may be undoubtedly regarded as isomorphous. The crystalline 
form in both is a quadratic octahedron, the terminal edges of 
which form angles—in tinstone, of 121° 40! (Miller), and in 
zircon of 123° 19' (Mohs). The first and second quadratic prism 
occurs in both, and the straight terminal face is as infrequent in 
one as in the other; in both there is a cleavage parallel to the first, 
and especially to the second quadratic prism. The agreement 
in the angles is still greater when zircon is compared with rutile 


Or ae by Dr. Atkinson from Poggendorff’s Annalen, vol, evii. 
p- 602. 
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(crystallized titanic acid), which is also isomorphous with tinstone. 
According to the concordant measurements of Miller and Kok- 
scharow, the angles of the terminal edge of the fundamental form 
are 123° 8’, and hence only differ by 11 minutes from those of 
the angles of zircon. It is true that hitherto the characteristic 
twin crystals of tinstone have not been met with in zircon; and 
in this respect a difference between these forms might be found. 
But it must be remarked that the twin crystals of tinstone only 
occur in certain places, as in the Erzgebirge, while they have 
not been found in the tinstone of other districts, as for example 
Cornwall. The same may also be the case with zircon ; and the 
places in which it occurs in twin crystals may hitherto~ have 
remained undiscovered. 

If there is such an agreement in crystalline form and structure 
in tinstone and zircon, it is very probable that the chemical com- 
position in both is analogous. Both have, it is true, hitherto 
been regarded as compounds of entirely different nature—tin- 
stone as stannic acid, zircon as silicate of zirconia; and zirconia 
has even been considered as a sesquioxide. Notwithstanding 
this, Deville* has found it necessary to assume two double atoms 
of chlorine in chloride of zirconium, since it is only by this 
assumption that the condensation of its vapour agrees with that 
of similarly constituted vapours, and with that of chloride of 
silicon. But if chloride of zirconium is Zr Cl, zirconia must be 
Zr O?, and can no longer be called zirconia, but zirconic acid. 
Zircon, the formula of which has hitherto been Zr? O08 8i0%, 
becomes now an isomorphous compound of one atom of zirconic 
acid and one atom of silicie acid, and is therefore Zr O? + SiO?; 
just as chrysoberyll is a similar isomorphous compound of one 
atom glucina with three atoms of alumina; for most of the 
analyses have always hitherto shown that zircon has such a com- 
position that the oxygen of the zirconie acid is equal to that of 
the silicic acid. But this relation does not prevail everywhere. 
Hermann has investigated} the zircon which occurs in the vil- 
lage of Anatolia in the government of Jekatherinoslaw, and has 
found that it consists of two atoms zirconic acid and three atoms 
silicic acid, and is thus 2ZrO*+38S8i0%, which led him to desig- 
nate it as a special mineral, and name it Auerbachite. It only 
oceurs crystallized in the fundamental form, which, according to 
Auerbach, has angles of 121° on the terminal edges, and in this 
approximates very closely to that of tinstone. It is found in 
individual crystals in the quartzose schist. Its specific gravity, 
according to Hermann, is 4°06; while that of ordinary zircon, 

* Comptes Rendus, vol. ie Fe 821. 


+ Compare Erman, Archiv fiir wissenschaftliche Kunde von Russland 
vol. xvii. p. 568. 
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according to Breithaupt*, varies from 4°5 to 4°8. It is therefore 
less in proportion as the quautity of silica is greater than in ordi- 
nary zircon. But since the crystalline form of Auerbachite is 
the same as that of zircon, small differences being neglected, 
this circumstance is also an argument for considering zircon as 
an isomorphous compound of zirconic acid and silicic acid, which 
are, however, not always combined in the same proportion. 

The differences which have been observed in the specific gra- 
vities of zircon, may perhaps arise from the fact that silicic acid 
and zirconic acid are not always present in the same proportion ; 
but it may also happen that in some, titanic acid, or, as Svan- 
berg+ has found, noria is contained. Malakon and Oerstedtite, 
which have the same crystalline form as zircon, have still more 
divergent and lower specific gravities than that mineral; yet, 
according to the investigations of Oersted and Scheerer, these 
contain water (5°5 to 3°03 per cent.), and are hence no longer in 
a fresh, but in a decomposed condition}. Oecersted states that 
Oerstedtite contains titanic acid, along with zirconic acid and 
silicic acid. 


XL. On Contour and Slope Lines. By A. Cayiey, Esq.§ 


T is, I think, interesting as a question of topography, to con- 
sider the general configuration of a system of contour lines 

and steepest or slope lines (lignes de niveau and lignes de la plus 
grande pente). Imagine, to fix the ideas, a mountainous island, 
the exterior or sea-level contour line being consequently a closed 
curve; the case where any contour line isa curve cutting itself is 
an important one, which will be considered ; but disregarding it 
for the moment, and excluding (as I do throughout) a curve which 
cuts itself from the notion of a closed curve, the entire contour 
line corresponding to a given elevation will be either a single 
closed curve, or it will consist of two or more separate closed 
curves; in the latter case each of these may be considered as 
being by itself a contour line, and we may therefore say that the 
contour line is in general a closed curve. It may happen that 
the elevation of a given contour line is a maximum or minimum ; 
in other words, that the consecutive curve without the given 
contour line and that within it are each of them higher or each 
of them lower than the given contour line ; but this is a speciality 
which need not be particularly attended to; in general the con- 
secutive curve without the given contour line will be lower, and that 


* Handbuch der Mineralogie, von Breithaupt, vol. iii. pp. 658 and 661. 
+ Poggendorff’s Annalen, 1845, vol. lxv. p. 317. 

{ Scheerer, it is well known, has a different opinion on this matter. 

§ Communicated by the Author. 
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within it higher than the given contour line, in which case the 
tract bounded by the contour line is an elevation (hill, table-land, 
or mountain, as the case may be); or else the consecutive curve 
without the given contour line is higher, and that within it 
lower than the given contour line; in which case the tract 
bounded by the contour line is a depression. But there may be 
within the contour line bounding an elevation, spaces lower than 
the bounding line, and within the contour line bounding a de- 
pression, spaces higher than the bounding line. A depression 
usually contains water, and indeed is filled so as to overflow, in 
which case there is a lake with an outlet; if the depression is 
not filled to overflowing, the lake will have no outlet. The 
contour line bounding an elevation may become indefinitely 
small and ultimately reduce itself to a pomt, which is a summit ; 
the contour line bounding a depression may in like manner 
become indefinitely small, and ultimately reduce itself to a point, 
which is what I callan ¢mmit. A summit isa point of maximum 
elevation (though of course there may be summits, or even 
immits, which are higher); an immit is a pomt of minimum 
elevation. But there are besides, as at the heads of passes, 
points where the surface is horizontal, but where the elevation is 
neither a maximum nor a minimum; you descend backwards 
and forwards, but ascend right and left: I will for the present 
purpose call this kind of point a knot. And this leads to the 
consideration of a contour line which cuts itself: the point where 
this happens is in fact a knot, or geometrically the knot is a 
node or double point on the contour line. It may be assumed 
that the contour line through a knot does not pass through any 
other knot ; for although there may be neighbouring passes of 
precisely the same altitude, yet the general configuration of the 
country will not be altered by giving a slight difference of eleva- 
tion to such passes: the effect of this alteration is to distribute 
among contour lines of slightly different elevations (one to each 
line) the different knots which would otherwise occur upon one 
and the same contour line. The contour line through a knot 
cuts itself therefore at this point only : such contour line is either 
a figure of eight, or as I will term it, an outloop curve; or else 
it is the figure formed by the union (so as to give rise to a node 
or double point) of two closed curves, one of which lies within 
the other of them; this I call an inloop curve. An outloop 
curve consists of two loops; the spaces within these may also be 
spoken of as the loops. An inloop curve consists of an outer 
and an inner loop; the space within the inner loop may be 
spoken of as the inner loop, that between the two loops as the 
lune. It usually happens, and to fix the ideas I will assume, 
that for an outloop curve each of the loops is an elevation: this 
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is the case of two mountain summits connected by a ridge or 
col, the lowest point whereof, or head of the pass, is the knot on 
the outloop contour line through this point. And in like man- 
ner, that for an inloop curve the lune is an elevation, the inner 
loop a depression ; and that the outer loop, considered as a por- 
tion of the contour line, is higher than the consecutive exterior 
contour line. This is the case of a lake having an outlet; if the 
lake were dry, the passage up stream into the bed of it would be 
over a ridge, col, or barrier, the lowest point whereof, or point of 
outlet for the water of the lake, is the knot on the inloop con- 
tour line passing through this point, the shore of the lake being 
of course the inner loop of this contour line, and the waters 
being retained by means of the raised ground within the lune 
between the two loops of the contour line. 

The slope lines cut at right angles the contour lines; and this 
property applies also to the projections of the two systems of 
lines ; so that the two systems of lines delineated in plano inter- 
sect at right angles. Consider the contour lines which are closed 
curves surrounding a given summit or immit; the exterior con- 
tour line is intersected at each of its points by a slope line; and 
all these slope lines must, it is clear, intersect all the interior 
contour lines, and ultimately unite at the interior summit or 
immit. In order to see more distinctly the form of the system 
of slope lines, it is to be noticed that, if (as is in general the 
case) the indicatrix at the summit or immit be an ellipse, the 
contour lines in the immediate neighbourhood thereof will be a 
system of similar and similarly situated concentric ellipses, the 
major and minor axes whereof correspond respectively with the 
directions of least and greatest curvature; the equation of any 
orthogonal trajectory of the ellipses, if a, b are the semiaxes, 
major and minor, of any one of them, is y”=Ca®; and unless 
C=00, the curve represented by this equation touches the axis 
of x, which is the direction of least curvature; if however C=, 
then the equation becomes «=O, and the curve touches the axis 
of y, which is the direction of greatest curvature. Hence in 
general at a summit or immit the slope curves all, except one 
(which is a limiting case) touch the line which is the direc- 
tion of least curvature. The only exception is when the summit 
or immit is an umbilicus—the indicatrix is then a circle; the 
contour lines in the immediate neighbourhood of this poimt are 
concentric circles, and the slope lines pass in all directions through 
the summit or immit. 

The indicatrix at a knot is in general a hyperbola, and conse- 
quently the contour lines in the neighbourhood of a knot are 
similar and similarly situated concentric hyperbolas; and if a, b 
are the semiaxes of one of these hyperbolas, the equation of an 
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orthogonal trajectory is a”y”=C: and when this passes through 
the knot, C=0; and therefore either «=O or else y=0; there 
are consequently through the knot only two slope lines, which 
bisect the angles made by the two branches of the contour line 
and intersect each other at right angles. The slope lines through 
a knot may be termed ridge and course lines: and for one of 
these—the ridge line—the knot is a point of minimum elevation ; 
for the other of them—the course line—the knot is a point 
of maximum elevation. But this requires some further develop- 
ment. To fix the ideas, consider the case where the contour 
line is an outloop curve, the loops being each of them elevations. 
The slope line through the knot, and which lies within the two 
loops, would be, according to the definition, a ridge line. Suppose 
that the contour lines within one of the loops are closed curves 
surrounding a summit, the ridge line will, it is clear, cut all 
these curves and ultimately arrive at the summit. But if the 
contour lines within the loop are not all of them closed curves ; 
if, for instance, they are first closed curves, then an outloop 
curve, and within each of the loops of this, closed curves sur- 
rounding a summit, then it may happen that the above-mentioned 
ridge line will pass through the knot of the inner outloop curve: 
and with respect to this knot, it will be, not a ridge line, but a 
course line; so that the slope line in question cannot be spoken 
of simpliciter either as a ridge line or asa course line, but it is the 
one or the other guoad the knot in reference to which it is con- 
sidered ; and, considered by itself, it can only be spoken of as a 
ridge-or-course line. The case just referred to is, however, an 
exceptional one ; in general the slope line in question would not 
pass through the knot of the inner outloop curve, but would cut 
one of the loops of this curve, and then cutting all the contour 
lines within such loop, arrive at last at the summit within such 
loop. And when the ridge line has once arrived at a summit, 
there is little meaning in continuing it further, and it may be 
considered as ending there; in fact there are through the sum- 
mit an infinity of slope lines, all of them (except in the case 
where the summit is an umbilicus) coincident in direction with 
the ridge line, and consequently the ridge line may, without 
graphical discontinuity, be considered as proceeding along any 
one of these lines indifferently ; and although, when the surface 
is a geometrical one capable of being represented by an equation, 
there would be geometrically one of these slope lines which could 
be identified as the continuation of the ridge line, there would be 
no adyautage in making this identification, Hence it may be con- 
sidered that in general a ridge line passes from summit to sum- 
mit, through a single intervening knot which is a point: of 
minimum elevation on the ridge line; and in like manner, that 
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in general a course line passes from immit to immit through a 
single intervening knot which is a point of maximum elevation 
on the course line; it need not be considered as an_ exception 
when, as is frequently the case, the course line arrives at the 
sea-level contour line without previously reaching an immit. It 
is to be noticed that a ridge line or a course line may commence 
and terminate at one and the same summit or immit, and thus 
form a closed curve. 

The ridge lines, as above defined, determine the watershed. 
In the case of an isolated conical or dome-shaped mountain, and 
in general when the contour lines are all of them closed curves, 
there is no definable watershed; but in the case of a chain of 
mountain summits, the watershed runs from summit to summit 
through the heads of the passes over the connecting cols, 7. e. it 
is made up of a series of ridge lines each extending from a sum- 
mit to a summit through an intervening knot. And the course 
lines are, as nearly as may be, the beds of the streams which flow 
from the heads of the passes down the lateral valleys. The ridge 
line and the course line respectively are, I believe, the so-called 
ligne de faite and ligne de thalweg. 


2 Stone Buildings, W. C., 
July 20, 1859. 


XLI. On the Equivalents of Manganese and Nickel. 
By Ri. ScHnEmpER*. 

HE equivalent of manganese has been hitherto taken as 
27°56 (or 344-66 for O=100). This number is derived 
from two experiments of Berzelius+, in which was determined 
the amount of chloride of silver precipitated by a solution of 
silver from a known quantity of anhydrous subchloride of man- 
ganese. ‘The results of the two experiments were as follows :— 


Quantity of subchloride Chloride of Equivalent of 
of manganese employed. silver found. manganese. 
20775 9°575 344°631 
3°063 6:96912 344°736 


Inasmuch as in this determination the disadvantageous cir- 
cumstances occurred which I have mentioned in another place, 
attending the employment of metallic chlorides for the estima- 
tion of equivalents, and as the importance of the equivalent of 
manganese makes it desirable that it should be deduced from a 
more numerous series of experiments, a short time ago I in- 
duced M. Rawack to perform such a series of experiments in 

* Translated by Dr. Guthrie from Poggendorff’s Annalen, No. 8, 1859, 
pp- 605, 616. 


+ Pogg. Ann. vol. xviii. p. 74. Berzelius, Lehrbuch, yol. iii, p. 1223. 
+ Poggendorff’s Annalen, vol. ci. p. 388. 
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my laboratory. In these experiments the amount of water was 
determined which a given quantity of pure and most carefully- 
prepared mangano-manganous oxide furnished when reduced 
in a stream of dry hydrogen, free from air, to manganous oxide. 
If a denotes the quantity of mangano-manganous oxide, 4 the 
quantity of water obtained, the equivalent of manganese is calcu- 
lated from the equation fel x 0:8889 d) 
*=5\~4x088895 /* 

It must be admitted that this method does not wholly satisfy 
the strict conditions which may be demanded for the determina- 
tion of an equivalent. It is clear that a small error in the esti- 
mation of the water appears as a comparatively great one in the 
equivalent number. Nevertheless we may expect an approxi- 
mately correct value from a long series of experiments performed 
with accuracy. 

The apparatus in which the reduction was effected, received 
such an arrangement that the narrow finely drawn-out end of 
the reduction tube passed in an oblique direction deep into the 
chloride of calcium tube destined to receive the water. This 
limb of the reduction tube, in order to prevent any loss of man- 
ganese, was filled for 3-4 inches with a loose plug of previously 
ignited asbestos. The ignition of the oxide in the current of 
hydrogen was continued until the formation of water had entirely 
ceased, and the contents of the tube of reduction had assumed a 
pure green colour. No weighing was made of the residual sub- 
oxide, as the degree of compactness acquired by the substance 
at the temperature to which it can be subjected in a glass tube, 
is not sufficient to prevent an immediate partial oxidation when 
it is exposed to the air*. 

Of nine experiments in which the above process was employed, 
and in which the quantities of mangano-manganous oxide varied 
between 1°6 and 11-6 grms., I here adduce the six which gave 
the most accordant results :— 


rms. 


£ grm. 
I. 4°149MnO, Mn?0* gave 0-330 HO, hence equiv. 27-052 


mM 4649 .-,, 0:370 y! 27-029 
III. 6-8865 . 0:5485 e 26-999 
IV. 7-356 fs 0°5855 * 27-025 
V. 89445 0°7135 4. 26942 
VI. 11584 3 0:9225 . 27-005 


* By the application of a higher temperature, it is possible to make the 
suboxide of manganese insensible to the oxygen of the atmosphere. On 
heating some for four hours at a white heat in a porcelain tube in a stream 
of hydrogen, it appeared, without having undergone any further reduction, 
to be strongly agglomerated; and even in a state of very fine powder it 
preserved its green colour unaltered in the air. 
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As the mean of these six experiments the number 27-009, or 
in round numbers 27, is obtained, that is, almost exactly a 
simple multiple of the equivalent of hydrogen. 

These experiments were nearly finished when communications 
were published by several chemists on the equivalent of manga- 
nese. 

Von Hauer* determined it by reducing anhydrous sulphate 
of manganous oxide to sulphide of manganese by means of dry 
sulphuretted hydrogen. By this method (as a mean of nine 
experiments) he found the amount of oxygen in the sulphate to 
be 42°39 per cent., and accordingly the equivalent of manga- 
nese to be 27°5. 

Although it is to be admitted in favour of this number that 
it coincides almost exactly with that obtained by Berzelius in 
another manner, still the experiments whence it is derived are 
perhaps not entirely free from sources of error. Even if it be 
admitted that the sulphate of manganous oxide, on being dried 
at a high temperature with access of air, be not at all affected by 
the oxygen of the atmosphere, still we must not neglect the fact 
that the oxysulphide of manganese which is formed, and for a 
time exists, when sulphate of suboxide of manganese is heated 
in a stream of sulphuretted hydrogen, obstinately retains a por- 
tion of oxygen in its conversion into sulphide of manganese. 

Arfwedson +, on heating 100 parts of MnO, MnS in HS, ob- 
tained only 109:34 parts sulphide of manganese, instead of 
110°12 or 110:25 parts, which should have been obtained if 
Mn=27'5 or 27 respectively. In addition to this, at a high 
temperature sulphide of manganese itself is very prone to take 
up oxygen; hence if the current of sulphuretted hydrogen be 
not freed most carefully from air, a continuous source of oxygen 
is furnished. From these considerations I do not think that a 
method which in the case of cadmium has led to undoubtedly 
correct results{, is calculated to furnish results of equal excellence 
when applied to the determination of the equivalent of man- 
ganese. 

Dumas§, in his well-known treatise on the equivalents of 
simple bodies, stated that he had determined the equivalent of 
manganese by reducing in a current of hydrogen artificially 
prepared peroxide of manganese to suboxide, and that the num- 
ber 26 was obtained, as is expressly said, “ d’une maniére absolue.” 
The detail of the experiments by which this surprising number 
was obtained were not at first given: thei publication was 

* Bericht der Wien. Acad. Math.-naturw. Kl. vol. xxy. p. 124, 

T Poggendorfi’s Annalen, vol. i. p. 50. 

{ V. Hauer, Bericht der Wien. Acad. Math.-natur. KU. vol. xxv. p. 118, 

3 a Rendus, vol. xly. p. 709. Ann, der Chem, und Pharm, vol. cv. 
p. 72. 
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looked forward to with anxiety. In a later communication*, 
however, instead of the proof for the number 26, we find the 
equivalent of manganese placed among the numbers which re- 
present, it is said, simple multiples of half an equivalent of hy- 
drogen ; namely we find its equivalent given as 27:5, that is, one 
and a half hydrogen units higher than before. 

The inaccuracy of the number 26, Dumas now (in his latest 
complete memoir on the equivalents of the simple bodies)+ seeks 
to explain by the supposition that a part of the suboxide of 
manganese may have been reduced to manganese. According 
to my observations (p. 269) this is very improbable; on the 
other hand, I imagine that Dumas has far undervalued the dif- 
ficulties attending the preparation (according to Berthier’s me- 
thod) of a peroxide of manganese having exactly the composition 
indicated by the formula. Without dispute it was dangerous to 
choose, for the basis of operation of an equivalent determination, 
a body which gives up its water only a little below its tempera- 
ture of decomposition while at the same time its normal quantity 
of oxygen is confined between very narrow limits of temperature. 

The experiments of Dumas, from which the number 27°5 is 
obtained as the equivalent of manganese, were performed by 
the same method that Berzelius employed; 7. e. the amount of 
silver was determined necessary to precipitate a known quantity 
of anhydrous subchloride of manganese. I cannot admit for 
this method that degree of accuracy which Dumas appears to 
claim for it. In other places I have already declared that I do 
not consider the choice of metallic chlorides as a basis for equi- 
valent determinations a very happy one, because many of these 
substances are very hygroscopic, and, at the temperature to 
which it is necessary for them to be exposed for complete dehy- 
dration, they are extremely inclined to take up oxygen, partly 
from the air, partly from the partial decomposition of the water 
they have taken up. ‘This is the case with subchloride of man- 
ganese to a greater extent than with many other subchlorides. 

Partly on account of the doubt just expressed concerning the 
accuracy of the methods employed by other chemists in the de- 
termination of the equivalent of manganese, partly on account 
of the wish to decide whether in the series of experiments first 
described a considerable error of observation had crept in, I 
resolved to determine the equivalent of manganese myself. In 
doing this I have pursued a method similar to that which I fol- 
lowed in determining the equivalents of nickel and cobalt ; that 
is, Ihave endeavoured to determine with the greatest accuracy 

* Comptes Rendus, vol. xlyi. p. 951, Ann, der Chem, und Pharm. 
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the relation between the carbon and manganese in pure neutral 
manganous oxalate. Inasmuch, however, as the oxides of 
manganese cannot be reduced to the metallic state on being 
heated in a stream of hydrogen, the amount of manganese in 
the salt could only be determined indirectly by estimating the 
water formed at the same time. From the difference of the sub- 
stance employed and the water, the amount of the anhydrous 
salt was determined; from the difference between this and the 
carbonic acid, the weight of the manganese was determined. I 
have not sought to render the salt perfectly anhydrous previous 
to its use, because, even had this been possible, the advantage so 
obtained would have been counterbalanced by the danger of a 
partial oxidation of the manganous oxide. 

The carbonic acid and water were determined by combustion 
of the oxalate with oxide of copper, dry air deprived of carbonic 
acid being passed over the salt. 

Four experiments of this kind gave the following results :— 
(1) Equivalent of manganese 27:008 ; (2) 27:028; (8) 27-023; 
(4) 27:015. Mean 27:019, or in round numbers 27:019. 

Schneider has also shown experimentally that oxalate of man- 
ganese, if heated slowly, gives up all its water without further de- 
composition. 

The equivalent of nickel was determined in almost a precisely 
similar manner, and from the mean of three experiments was 
found to be 29-029. Marignac had found the equivalent of 
nickel to be 29°20, or 29°64. His methods were the ignition of 
the anhydrous sulphate and the determination of the chlorine in 
the anhydrous subchloride. Perhaps the objection to the last 
method was obviated by Dumas, who exposed the anhydrous 
chloride for twelve hours at a red heat to hydrochloric acid, and 
who found the equivalent to be 29°5. 

Marchand and Erdmann, by the reduction of the oxide in 
hydrogen, found the numbers 29:1 and 29:3, the preference 
being given to the smaller number. 


XLII. On Equivalents, and thetr Determination in general. 
By Rh. Scunuiper*. 


ik is certainly of great use, and advantageous for the advance- 

ment of science, to investigate the methodical arrangement 
which the equivalent weights of the simple bodies show. The 
endeavours of chemists in this direction, namely the arrange- 
ment of the equivalent numbers in series, as has lately been 
ingeniously attempted by Pettenkofer and Dumas, may be 


* Translated by Dr. Guthrie from Poggendorff’s Annalen, No. 8, 1859, 
p- 619. 
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considered as important preliminaries for the establishment of a 
natural system. It seems to me, however, that in trying to 
establish such a law, we should proceed more cautiously than 
has been in some instances the case hitherto. Laws must have 
established facts to rest upon ; as long as the latter are wanting, 
laws are out of the question. In this point I agree entirely with 
Schafarik*, and consider it very fortunate that chemistry at pre- 
sent is not a mere aggregate of facts. Such an aggregate, how- 
ever, were better than one of unproved hypotheses. 

According to M. Dumas, there is a certain law according to 
which several elements have the same equivalent. In the first 
instance}, this law was sought to be established with regard to 
manganese and chromium, which were said both to have the equi- 
valent 26. As has been remarked (p. 271), Dumas has been 
already obliged to retract the number 26 for manganese as being 
inaccurate, although advanced with such positiveness. Granted, 
however, that manganese were actually 26, still the equality of 
the equivalents of manganese and chromium would not have fol- 
lowed. For according to the investigations of Peligott, the 
equivalent of manganese is not 26, as Dumas gives it, but 26°24, 
and until experimental proofs are furnished, it seems unjustifi- 
able to convert this into the round number 26; at least this 
ought not to be done for the sake of an imaginary law. The 
equivalents of manganese and of chromium are therefore decidedly 
not equal. 

Lately M. Dumas§ has endeavoured to prove the equality of 
the equivalents of nickel and cobalt. According to his determi- 
nations, both have the equivalent 29°5. According to what was 
before said, and according to my own determinations, I believe 
that I have sufficient ground for considering this regularity as 
being as yet doubtful. The specific heat of the two metals in 
no ways supports the equality of their equivalents. The spe- 
cific heat of nickel is, according to the determination of Regnault, 
0:1109, and that of cobalt =0°1069. These numbers are not 
equally great, as they should be if nickel and cobalt have the 
same equivalent. On the other hand, they are very favourable 
to the equivalent numbers given by me (Ni=29 and Co=30), 
for they are almost exactly inversely proportional to these num- 
bers; for 

0°1109 : 0:1069=30 : 28-99. 


Although the relation of these numbers cannot by itself prove 


* Ann. der Chem. und Pharm. vol. cix. p. 100. 
+ Comptes Rendus, vol. xlv. p. 718. 
{ Ann. de Chim, et de Phys. (3) vol. xii. p. 528. 
§ Ibid. vol. lv. p. 150. 
Phil, Mag.8. 4. Vol. 18, No. 120, Oct, 1859. (3 
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the correctness of the equivalents, it may certainly be considered 
as supporting it. 

The assumed equality of the equivalents of cerium and lan- 
thanium (46), of didymium and molybdenum (48), of platinum 
and iridium (99), of rhodium and ruthenium (52), of glucinum 
and lithium (7), will scarcely be considered by any one as an 
established fact ; most of these numbers require further confir- 
mation. Whether the equivalents of nitrogen and of silicium are 
to be both put = 14, will depend upon the subsequent solution 
of the question whether silicic acid has the formula Si0® or Si0°. 
Although many arguments support the first view, still the latter 
cannot as yet be considered as completely disproved. It is cer- 
tainly corroborative of the latter view, that the number 21, and 
not 14, stands in a series of regular differences to the equivalent 
of carbon (6) and that of boron (11), as has been already specially 
pointed out by Pettenkofer *. 

According to the preceding, it appears to me that the assump- 
tion that different elements have the same equivatent, must be con- 
sidered, for the present, as unproved. 

Further, according to Dumas there is a certain law according 
to which some equivalent numbers are simple multiples of a 
quarter of the equivalent of hydrogen. Amongst others the 
equivalent of strontium, 43°75, belongs to this class. I consider 
it unsafe to speak positively of a quarter of an equivalent of 
hydrogen, when such high numbers as these are in question ; 
because even in the hands of M. Dumas, even with much lower 
equivalents—for instance, that of mangancse—variations or 
errors of one and a half entire hydrogen units axe possible. If 
quarter equivalents be adopted, we should be obliged consistently 
to admit eighths of hydrogen equivalents. I consider such a 
proceeding to be decidedly injurious: it gives those who are ill- 
informed, and incapable of forming an accurate judgment, false 
notions concerning the power and capability of our methods; 
and it allows important questions to appear decided and solved, 
which are not so in reality. Itis clear,that the smaller the unit is 
which is taken, the more nearly must the experimental numbers 
coincide with multiples of ‘iis unit. Whether and how far they 
approach the truth, remains still an open question. 

If we reflect how many methods which were formerly consi- 
dered accurate are now recognized as inaccurate, how many sub- 
stances which were formerly considered chemically pure, have 
been shown subsequently to be impure—in relation to how many 
the views of their constitution have had to be altered,—we cannot 
avoid entertaining the doubt that many of our equivalent numbers 
are still possibly considerably inaccurate. The experience of the 

* Ann. der Chem. und Pharm, vol, ev. p. 197. 
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last few years, only gives too much support to this view. The 
equivalent of antimony was until quite lately, as I showed in 
1856, taken 8 entire hydrogen equivalenis too high. The deter- 
mination of the equivalent of tantalum, whatever care was de- 
voted to it, could not be exact, as long as we knew nothing of 
the existence of niobium. The number found by Berzelius, 
92:2 (or 1152-87 for O=100), was necessarily inexact, for this 
reason. This number, however, as H. Rose * has lately shown, 
contained a still greater error, introduced by the supposition of 
Berzelius that sulphide of tantalum and tantalic acid had the 
same constitution. From the composition of the chloride of 
tantalum, H. Rose has now determined the equivalent of tan- 
talum as 68°8 (that is, approximately, 69). 

Dumas appears to have taken no notice of this ; he puts + the 
equivalent of tantalum=92 (or 93) in the same series as that 
of tin (56) and titanium (25), and finds in the common differ- 
ence of 34 which these numbers show, the law which connects 
them. That which here appears as a law is clearly only an ac- 
cident, The number which apparently accords with the law, lies 
24 entire units away from the truth. 

In such instances, which might be easily multiplied, where 
there are individual departures from the general law, there is 
sufficient reason not to find at once new laws, but to attribute at 
first something to our limited knowledge. As long as we are 
liable to commit large errors, it seems to me to be an unsafe 
undertaking to establish laws which assume the most accurate 
knowledge of equivalent numbers up to a fourth of a unit. 

From this point of view, even the assumed regularity first 
pointed out by Maumené, and afterwards further developed by 
Dumas, according to which a great number of equivalents are 
multiples of Aa/f an equivalent of hydrogen, rests upon insuffi- 
cient foundation. 

I must agree fully with Strecker}, that most equivalent deter- 
minations are not yet exact to 0:25 (for H=1), which would have 
to he the case if this regularity had to be established as a general 
truth. 

Of the seven equivalents which Dumas formerly § arranged 
in this group (Cl=35°5; Mg=125; Mn=27°5; Ba=68°5 ; 
Ni=29:5; Co=29'5; Ph=103°5), that of magnesium (125) 
has already had to be retracted. It does not speak much for the 


law in question, that it is decidedly inapplicable for the lowest 


_ * Ber. der Berl, Acad. 1856, p. 385. Ann. der Chem. und Pharm. 
vol. ec. p. 246. 

+ Comptes Rendus, vol. xlv. p. 730. 
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of all these numbers ; that is, for the one whose accuracy should 
have been ascertainable with the greatest ease and certainty. 
Instead of the equivalent of magnesium, those of tellurium and 
osmium have now been brought into this series, the one with 
the equivalent 64:5, the other with that of 99:5. The experi- 
ments upon which these numbers are based have not yet been 
communicated. The number 64°5 for tellurium is not im har- 
mony with that of Berzelius, 64°14, nor with that of V. Hauer*, 
64-0. With regard to the equivalents of manganese, of nickel, 
and of cobalt, I think I have sufficient reason to doubt the ac- 
curacy of the law, in consequence of my own determinations ; 
so that there only remain those which have been formerly and 
latterly determined several times with care by Marignac, and 
which are certainly very nearly exact multiples of 0°5, namely, 
chlorine 35:5, barium 68°5, and lead 103-5. 

Convinced as I am that these numbers must be retained as 
long as their incorrectness remains unproved by other experi- 
ments, I still hold that at present no other meaning can be 
given to them, than that they form isolated exceptions to the 
general law ; the attempt to collect these few exceptions to a 
special law must, in my opinion, be considered as premature. 

It is remarkable that, in the majority of the new equivalent 
determinations of Dumas, the composition of the chlorides has 
been taken as a starting-poimt. I have already expressed my 
doubt concerning the employment of this method so generally. 
I need not repeat it here. In the mean time some examples 
may be cited, sufficient to show that such a doubt is not without 
some foundation. 

The equivalent of magnesium has been universally taken as 
12, since the excellent determination of it by Marchand and 
Scheerer +. M. Dumas { all at once gives it the number 12°5, 
and introduces it into the series of numbers which, according 
to him, follow the daw of being multiples of half an equivalent 
of hydrogen. In order to do this, he must have been fully con- 
vinced of the reliability of the method he pursued, and of the 
purity of the substance employed (chloride of magnesium) ; other- 
wise he would not have published a number which is so opposed 
to the received number—he would not have employed it to 
prove a law of relation. When, however, in the latest publica- 
tion of M. Dumas§, we find it stated that all the determinations 
of the equivalent of magnesium from which the number 12°5 was 
derived are subject to an error introduced by impurity in the 


* Sitzungsber. der Wien. Acad. vol. xxv. p. 139. 
+ Journal fiir Pract. Chem. vol. 1. p. 385. 

{ Comptes Rendus, vol. xlvi. p. 951. 
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chloride of magnesium employed, we cannot repress some sur- 
prise at the hasty conclusions which M. Dumas bas drawn from 
incomplete investigations. 

On continuing his attempts to deduce the equivalent of mag- 
nesium from the composition of chloride of magnesium, Dumas 
has obtained numbers extending from 12-0 to 12°6; that is, dif- 
ferences of 0°6, or 5 per cent. of the whole equivalent of magnesium. 
Under these circumstances, there can be but little importance 
attached to the fact that in most of the experiments the number 
12:25 was obtained. Finally, Dumas admits that for the pre- 
sent the number 12 can be retained. It certainly will be re- 
tained ; for the determinations from which it is derived bear the 
stamp of the greatest accuracy ; the results of the separate ex- 
periments show no greater variations than one expressed by the 
numbers 11°98 and 12-05. 

If, now, we seek the reason of these great variations in the 
experiments of Dumas, we can only discover it in the diversity 
of composition of the chloride of magnesium employed. From 
the results given, we can at once draw the conclusion that none 
of the four substances prepared in the four different ways by 
Dumas had exactly the composition required by the formula, 
and probably not one had the same composition as another. 
Dumas in this case has himself admitted that it is extremely 
difficult to prevent the chloride of magnesium from taking up 
oxygen, and that, when this has once taken place, even continued 
treatment with hydrochloric acid is not sufficient to purify it 
again. It is just this point upon which I rest my doubt of the 
accuracy of the method employed. And there is every reason 
to suppose that many other chlorides, especially such as are hy- 
groscopic, behave similarly to chloride of magnesium. With 
some, especially with chloride of zinc and chloride of bismuth, I 
have had ample opportunities of satisfying myself how difficult it 
is to obtain them free from oxygen. 

If chloride of bismuth which has taken up a trace of moisture 
be heated, hydrochloric acid is given off, and the residual chlo- 
ride contains an amount of oxide or oxychloride corresponding 
to the quantity of water absorbed. Former data of Jaquelain 
perfectly accord with this observation. 

Hence I am not surprised that Dumas, in determining the 
equivalent of bismuth from chloride of bismuth obtained by frac- 
tional distillation, obtained various results. It is only surprising 
that here, too, a number, 214, was considered ripe for publication, 
and entitled to be employed in establishing a law, which shortly 
afterward had to be retracted by Dumas himself as inaccurate, 
because it appeared that the substance which had served for the 
determinations was impure (coloured brown). Further deter- 
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minations gave numbers between 212 and 209°9. Although 
the mean of those experiments in which colourless chloride of 
bismuth was employed is almost 210°5, Dumas nevertheless 
gives the preference to the number 210. He justifies this by 
admitting that the method employed (the chloride of bismuth 
was decomposed by carbonate of soda, and the filtered solution, 
after acidifying with nitric acid, was precipitated by a solution 
of silver) is subject to a loss of chlorine, and that therefore the 
lowest number found is the most probable. 

Considering the circumstance that the last traces of chlorine 
are very difficult to remove from chloride of bismuth by the solu- 
tion of soda, and that, further, on fractional distillation the oxygen 
and moisture of the air cannot be fully kept away, scarcely a 
greater value can be attached to the number 210 than to the one 
hitherto accepted, 208. This was derived by me from a series 
of 8 experiments (oxidation of pure bismuth), in which the results 
varied from 207°5 to 2085. It is worthy of remark, that the 
number 208 is in very close accordance with that which Dumas 
himself derived for the series of the so-called nitrogen series : 
14417+176=207. 

The equivalent of antimony also, Dumas has sought to deter- 
mine by the analysis of chloride of antimony. The substance 
employed was obtained partly by the treatment of very pure an- 
timony with chlorine, and the repeated distillation of the pro- 
duct over powdered antimony, partly by fractional distillation of 
commercial chloride of antimony. Although the results agree 
pretty well with one another (the limits are 121°63 and 122°82), 

et here, for similar reasons to those mentioned with respect to 
chloride of bismuth, some doubt may be allowed concerning the 
normal constitution of the chloride employed. It is scarcely likely 
that different people would obtain exactly the same result by 
this method. It is worthy of notice, that, by an experiment per- 
formed by H. Rose in the same manner, the equivalent of anti- 
mony was found =120°64. This number agrees pretty exactly 
with that, 120°3, obtained by me from the composition of pure 
sulphide of antimony. 

Even the equivalent of iron, which was determined with such 
great accuracy and with such concordant results (from the com- 
position of the oxide of iron) by Erdmann and Marchand and by 
Maumené, to be 28, Dumas has thought it necessary to check by 
the analysis of the protochloride and perchloride of iron. These 
determinations (one with protochloride and two with perchloride) 
have given the result 28:1 (i. e. 351:25 for O=100). The pro- 
tochloride of iron employed was coloured light yellow, and con- 
tained therefore perchloride or peroxide of iron. It was only 
after being dehydrated by hydrochloric acid with which some 
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hydrogen was mixed, that it was obtained colourless ; but it then 
contained some metallic iron. Taking this into account, the re- 
sult, Fe=27-99, was obtained experimentally. 

Any one acquainted with the determination of equivalents 
will feel how far inferior this method is to those employed before, 
and how little it is calculated for a check upon them. Indeed we 
must feel surprise that Dumas, from the result of such determi- 
nations, did not feel some misgiving as to the unconditional ex- 
cellence of the method employed with such generality by him. 

These examples may suffice to show that the doubts above 
expressed are not without foundation. I repeat, The determt- 
nation of equivalents from the one point of view of the analysis of 
chlorides appears not to bear critical examination. It is a matter 
of course that the analogous compounds, differing as much as 
they do in their behaviour, cannot be employed with equally good 
effect for the determination of equivalents. This is as much 
the case with oxides as with sulphides and chlorides. It is the 
first and most essential problem in every equivalent determina- 
tion, to choose as a starting-point a compound as free as pos- 
sible from sources of error. Now whether such chlorides as are 
strongly hygroscopic—which at the same time, at least at high 
temperatures, decompose water with energy, and are thereby 
liable to take up oxygen—whether these compounds may be 
regarded as appropriate ones, is a question which I think must 
be answered in the negative, however exact chlorine determina- 
tions may be valued as such. 

M. Dumas* once loudly complained of the unconditional 
trust reposed, according to his opinion, by chemists in the equi- 
valent determinations of Berzelius, without critical discussion 
and further examination. He will certainly think it reasonable 
if chemists now are cautious not to fall into similar errors in 
relation to his own investigations in the same field. 

Berlin, June 1859. 


XLII. On the Equivalent of Bromine. 
By Wiiu1am Wattace, Ph.D., F.C.S. Glasgowt. 
HE combining proportion or atomic weight of the element 
bromine has been determined by several chemists, and 
with remarkably varied results. Balard’s estimations varied from 
74-608 to 75°432; Liebig obtained the number 75:288 ; Léwig 
75°76; and Berzelius 78°4. These discrepant results appear to 
haye been owing to the extraordinary difficulty of obtaining com- 
pounds of bromine free from traces of chlorine. In a recent 
* Comptes Rendus, vol. xiv. p. 538. 
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series of experiments performed with bromide of potassrum pur- 
chased as pure, and submitted to four recrystallizations, I ob- 
tained the equivalent 78:4. Marignac prepared, in the first 
place, bromate of potash, and after repeated crystallizations, 
converted it into bromide of potassium by the action of heat. 
His experiments, which are entitled to the utmost confidence, 
gave the number 79:94 to 79°99, or in round numbers 80; and 
this equivalent is now universally accepted. Notwithstanding, 
however, the very high reputation of Marignac, the wide differ- 
ence between his results and those of other authorities render it 
expedient that his number should be confirmed by another series 
of experiments. 

I have recently had occasion to employ bromide of arsenic in 
an investigation, in the course of which I observed that this 
compound offers peculiar facilities for thorough purification. It 
distils readily, but at a much higher temperature than the chlo- 
ride, and, on slow cooling, forms beautiful large rhombic prisms, 
from which the still liquid portion may be poured off. The ob- 
servation of these properties determined me to employ the bro- 
mide of arsenic for the estimation of the equivalent of bromine. 

I prepared, by the simple union of the two elements, about 
three-quarters of a pound of the bromide, and in the first place 
distilled off a large proportion in order to get rid of the traces of 
chlorine by which bromine is always accompanied. The bromide 
was then collected, rejecting the last portions, however ; and the 
distillate was slowly cooled until a part crystallized out, after 
which the remainder was poured off and rejected. The distilla- 
tion, excluding the first and last portions, was repeated, and like- 
wise the crystallization, several times. The first quantity em- 
ployed for experiment was distilled three times and crystallized 
as often; the second portion was distilled three times and ery- 
stallized four times; and the third was distilled four times and 
crystallized five times. 

The method of procedure resembled that of Pelouze for arsenic, 
and of Marignac for bromine; and to ensure accuracy, all the 
reagents—silver, nitric acid, and water—were obtained of the 
greatest possible purity. Three experiments only were made. 

In the first experiment 8°58 grms. of silver required 8:3246 
of bromide of arsenic; in the second, 4°573 of silver took 4°4368 
of the bromide; in the third, the quantities were respectively 
5-257 and 5°098. Taking the equivalent of silver at 107°97, 
and that of arsenic at 75:0, the results are— 

Pree ys els! 8 Oo Oe 

ee: a, sO ee 

1 Sy GSS Sa pie imei 650 U5) 
Means s . . = » 79°788 or 79°74 
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It will be observed that this number depends upon that of 
arsenic; and I am satisfied that the number 75, as found by 
Berzelius and Pelouze, is entitled to the utmost reliance; the 
respective numbers of these distinguished authorities, found by 
entirely different processes, being respectively 74°918 and 75-068. 
My experiments serve, to some extent, to confirm Marignac’s num- 
ber, and to show that those previously obtained are much below 
the truth. 


XLIV. On a Theorem in Numbers. By Lanavicensis*. 


[' U=0 is an algebraical equation with integer coefficients, 
and V=0 another equation whose roots are pth powers of 
the roots of the former (p being a prime number), it is well 
known that V will be congruous to U gud p. Tannex a simple 
proof of this important proposition, which occurred to me in 
reading over M. Lebesgue’s presentation in Liouville’s Journal 
(March 1859), of Dr. Arndt’s admirable proof (in which this 
theorem plays a principal part) of the irreducibility of the equa- 
tion to the prime roots of unity. 
To avoid complexity of notation, take an example. Suppose 


Aa* + Ba? + C2z?+De+E 
to be U, and make p=5, so that U! or 

Ala’ + Bla? + Clx? + Diz + E! 
will be the product of the five quantities represented by 

Apa? + Bp*2* + Cpa + Dp’a? +E, 

@ being assumed successively 0, 1, 2, 3,4, and p meaning a cer- 
tain (arbitrarily chosen) prime 5th root of unity. Then any co- 
efficient as C! in the function so formed, will be made up of one 


term C° and other terms which will be multiples of such argu- 
ments as 


A*. B’. CY. D*. Es, 
subject to the conditions 
4a+3B+2y+6=2 x5, 
a+ B+ ytd+e=5 
[2 being the index to « in Ca®, and 5 being the value of p in the 
case before us]. 
Now look at the making up of the coefficient of A*.B*.C’,D°.E* 
for any fixed system of values of «, 8, 7, 9, & 


* Communicated by the Author. 
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The number of simple products which coalesce to form such 
a term will evidently be 
11(5) 
TH («)11() 11 (y) 11 (8) 1 (e)’ 
and such number will therefore be of the form 5m, except for the 
case when «=0, B=0, y=5, 5=0, «=0, for which case the 
number in question is unity. 

Now every one of these 5m products will have for its coeffi- 
cient some power of p. Let & of them be of the form p**; then 
the sum of the coefficients for these / productsis k. As regards 
the 5m—k remaining products, since their sum remains the 
same whether we write for p, A, A*, A; or A4 (A being any prime 
5th root of unity), it is clear that they will consist of repetitions 
of a sum of products each equivalent in value to p+ p*+ p? + p*. 
Hence we shall have 


bm—k=(5—1)i, 


and the coefficient of A*. B®. C’. D’. E* will be A—i or 5m—5i, 
that is to say, will contain 5 (the p of the example before us). 
Hence, then, C, the coefficient of z® in the transformed equation, 
will be of the form C®5+5M. And since C°—C by Fermat’s 
theorem contains 5, C!—C, which is (C°—C+5M), will also con- 
tain 5. And the like will be true for every other conjugate pair 
of coeflicients of the two allied functions in our example, or in 
any other that may be taken, which proves the proposition that 
was to be established. 


September 1, 1859. 


P.S. I subjoin a proof of another theorem alluded to, but left 
without demonstration, in M. Lebesgue’s valuable paper. 

Let d,2 mean the primitive factor of 2”—1 (7. e. the function 
which contains all its prime factors). If m is of the form a* 
ee —] 
ear! — 
becomes a when a=1. The theorem in question affirms that 
if n is of the form a%, b,(1)=a, and if n is of any other form, 

AL jcHa; 
Beppo the theorem proved for »=a?. 6%. c".../' when 
ptqtrt.-. +f=<s. 

Now let n=a*. 8. cv... 2, anda+B+y...+r=s8. Then 


gm a— 
nie PLP LP re » . c 


where y,v/,y’... represent all the possible values of a. bF'. ”...0', 
with the restriction that «’, A’, y'...! are limited not to exceed 


(a being a prime number), $,27= , and obviously 
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respectively «, 8, y...X, and also not to be simultaneously equal 
to a, B, y,...Xr. 
Hence excluding from y, vy" &c. the value corresponding to 
w=0, O'=0;..=0, 
gr—] 
1 


= 
eat SOR SOR SIC ieee 


and 


p(T) 
P= SEM GA) 
But by supposition, since «+ /'+... <s, gv(1)=1, except 
when all but one of the quantities a', 6’, y',... is zero, in 
which cases ¢,(1)= the prime number, whose index in y is that 
one of these quantities which is not zero. 

Hence « of the factors in the denominator will be a, B of 

them 4, y of them c,...2 of them /, and all the rest unity. 
n 
Hence ¢(1) = FO | Azl 

So that if the theorem is true for the superior limit s, it is true 
for s+1; and since it is true for s=1, it is true universally. It 
must be well observed that this induction is only legitimate upon 
the basis of the theorem being stated as relating at one and the 
same time to both forms of the value of $;(1). 

The theorem in question, or (as I should rather say) the less 
obvious part of it, may also be stated as follows: If n be a 
number containing more than one distinct prime factor, and if 
Vj) Vo».--¥; are the numbers (including unity) less than $n and 
prime to it, 


. ee ) . “s ) . ce ) i 
sin{ —7 )sin{ =7)...sm{—7)j=—. 
n n n 2! 


XLV. Note on a Theorem of M. Bellavitis on the Partition of 
Numbers. By Uanavicrnsts*. 


M BELLAVITIS has given, in Tortolini’s ‘Annals,’ the 
¢ annexed beautiful theorem of reciprocity, as of import- 
ance in the theory of invariants ; viz. if 


UotH,+to+...+%p=%, 
and 
2 +2tg+...+prt,=m, 
the number of solutions in integers is the same for this system 


* Communicated by the Author. 
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of equations as for the system derived from it by interchanging 
p with gq. 

This, in fact, is a generalization of Euler’s theorem, with which 
it becomes identical on making one of the quantities p or q (say 
qg) infinite ; for the theorem of Bellavitis then assumes the fol- 
lowmg form: “The number of ways of making up m with the 
numbers 1, 2,...p, 1s the same as the number of ways of break- 
ing up m into p or fewer parts.” 

It is capable of an intuitive proof in precisely the same way as 
Euler’s particular case by means of Mr. Ferrer’s method of dis- 
integration given in this Magazine. For it can be shown that 
every group of integers 2, %,...#, which satisfies one of the 
two systems, can be transformed into a group 2), #9)... 2, satis- 
fying the other system, and vice versd. 

Bellavitis’s theorem may be stated otherwise asf ows:—“The 
number of pistrnct combinations of letters @, a, . . . a, figuring 
in the coefficient of 2” in (ag +a,a+ dot? +...+a,x”)7, is the 
same as that of the distinct combinations of do, b,,... 6, in the 
coefficient of a in (b)+b,4+ bu? + ... byx?)?.” 

The theorem in this form is an intensification of the obvious 
theorem, that the total number of combinations of letters in the 
expansion of 

(@g-+,+...-+d,)! 
is the same as that in 
(bo +5, +.-..+5,), - 
each being equal to 
1.2...(p+q)__, 
(de IONS met ate ) = 


that is to say, we see now (thanks to M. Bellavitis) not only that 
these two totals are equal, but that they are respectively made up 
of a like number (pg +1) of equal parts. 

September 3, 1859. 


P.S. Bellavitis’s theorem may be best stated in general terms as 
follows :—‘ The number of modes of composing any integer with 
other integers subjected to two given limits, viz.one of number and 
another of magnitude, remains unaltered when those two limits are 
interchanged.” The ground of its truth, as I have on another 
occasion remarked upon EKuler’s, is identical with that upon which 
the law of reciprocity in the Multiplication Table, known to every 
schoolchild, reposes. LBellavitis’s theorem, as an idea, is little 
more than a slight extension of the apergu that four sevens make 
up seven fours: but it is none the less a most valuable intuition 
gained to the arithmetician’s stock in trade. 
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XLVI. Chemical Notices from Foreign Journals. By Ki. AvK1n- 
son, Ph.D., F.C.S., Teacher of Physical Science in Cheltenham 
College. 

[Continued from p. 136.] 


— communications on lactic acid have brought to light 
several interesting facts relative to this acid. 

By some chemists lactic acid is considered to contain 6, and 
by some 12 atoms of carbon. The discovery by Strecker of its for- 
mation from alanine, C& H?7 NO*, and Wurtz’s observation that 
it is formed by the oxidation of propyle-glycol, C® H® 04, lend a 
support to the former view. In some experiments undertaken with 
the expectation of giving additional weight to the idea that lactic 
acid was bibasic, and contained 6 equivs. of carbon, Wurtz* tried 
the action of pentachloride of phosphorus on lactate of lime, and 
obtained thereby an organic chloride, C6 H*O?Cl?, which he 
named chlorolactyle. It stands to lactic acid in the same rela- 
tion as chloride of acetyle to acetic acid. Wurtz found that by 
treatment with bases this substance regenerated lactic acid, and 
by treatment with alcohol it yielded an etherial compound, 
C!° H® 0+, Cl, which he considered to be chlorolactic ether, and 
he expressed its formation as follows :— 

; C® H4 O? 
C5 H4 02 Cl? 42.04 Hé 02?=C! HS C1+2HO + Gaps + O% 

Chloride of Alcohol. Chloride of 

lactyle. ethyle. Cl 


In repeating Wurtz’s experiments, Ulrich+ observed certain 
reactions which led him to the conclusion that Wurtz’s chlorolac- 
tyle was the chloride of chloropropionyle, C® H* ClO%, Cl, derived 
from propionic acid. He found when this substance was treated 
with water alone, that it was resolved into hydrochloric acid and 
chloropropionic acid,— 

C* H* Cl O?, Cl+2HO=HCl1-+ C$ H® Cl 04. 
Chloride of Chloropropionic 
chloropropionyle. acid. 
Ulrich observed that chloropropionic acid, when treated with 
nascent hydrogen, was converted into propionic acid; and he 
found that this reaction furnished the best method of preparing 
propionic acid. 


In a communication on the constitution of lactic acid, Kolbe t 
expresses the opinion that lactic acid, and the acids homologous 
with it, containing 6 equivs. of oxygen, are derived from the 
yolatile acids containing 4 equivs. of oxygen, by the substitution 


* Liebig’s Annalen, August 1859. Comptes Rendus, vol, xlvi. p. 1228. 
tT Liebig’s Annalen, March 1859. Ibid. 
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of peroxide of hydrogen for hydrogen, and that lactic acid is a 
monobasic acid. On Kolbe’s view the relation between these 
acids may be thus written :—. 


Acetic acid. Glycolic acid. 
(C2 H8) C202, O, HO. (Cos) 02, 0, HO. 
Propionic acid. Lactic acid. 
(C+ H5) C202, 0. HO. (C*Ho2)@ 0,0. HO. 


In a second communication on the subject of lactic acid, 
Wurtz* secks principally to prove that lactic acid is bibasic, 
All chemists are agreed that it contains 6 atoms of carbon (C=6). 
The view that lactic acid is bibasic, is supported by the existence 
of lactates which have the general formula C® H+ M?0*%. A lae- 
tate of tin of this formula has been described by Briining. A 
further proof Wurtz finds in the composition of lactic ether which 
he has discovered. This is obtained by the action of chlorolactic 
ether (chloropropionic ether) on ethylate of soda, 

6 402 4 yq5 6 1402 
Ee FO+” Na bOP="(Gayaye bO*+NaCl, 
C) Ethylate of soda. Lactie ether. 

Chlorolactic ether. 

A quantity of sodium corresponding to the chlorolactie ether 
taken is dissolved in absolute alcohol, and the chlorolaetie ether 
gradually added—a brisk reaction is at once set up, and chloride 
of sodium is precipitated. The product is heated, and the distil- 
late above 150° collected and then rectified. 

Lactic ether is a transparent, mobile liquid, with an etherial 
odour. It boils at 156°5. It is insoluble in water, but deci- 
dedly soluble in alcohol. The analyses as well as determinations 
of the vapour-density gave numbers closely agreeing with those 
required by the formula. By the action of ammonia on lactic 
ether, a body is obtained crystallizing in beautiful plates; this is 
lactamethane or lactamic ether, 


C0 HU NOt= (C° H*0%), Chins pO? 


fh ve (6 ee ee 
it stands in the same relation to lactic acid, OH ne O*, as 


44 2 404 
oxamethane, (C* 0%) cn t 02, to oxalic acid, C 1} Oh 
Although, ordinarily, lactates only exchange one atom of hy- 
drogen for a metal, yet the existence of lactic ether and the com- 
position of certain lactates leave no doubt as to its composition. 
* Bulletin de la Société Chimique de Paris, May 13, 
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Eyen if these compounds did not exist, it would still be allowable 
to consider lactic acid as biatomic, if not bibasic; for by simple 
dehydration it forms au anhydride, and it also forms a diatomic 
chloride, which, by appropriate treatment, regenerates the acid. 
The basicity of an acid is not to be determined with exclusive 
reference to its capacity of saturation. Salicylic acid, according 
to Piria, is bibasic, yet it exchanges one of its atoms for metal 
with far greater difficulty than the other. 

Wurtz has found that in lactic acid a second atom of hydrogen 
may be readily replaced by an acid radical. By heating chloro- 
lactic ether with butyrate of potash, an oily liquid is obtained 
boiling at 210°, insoluble in water but soluble in aleohol, and 
with an odour resembling butyric acid. It has the composition 
CH" O08; it is lactobutyric ether, or lactie acid, in which one 
atom of hydrogen is replaced by ethyle and another by butyryle. 
Its formation is as follows :— 


a aa ge 


CP DU, 
Cl CH 
Chlorolactic Butyrate of Lactobutyric ether. 
ether. potash. 


In lactobutyric ether the group (C° H7 0?) 02, which is equiva- 
lent to peroxide of hydrogen, is substituted for the chlorine of 
chlorolactic ether ; just as in lactic ether the group C*H*°O? 
replaces the same chlorine. 

The two reactions exerted by the product of the action of chlo- 
ride of lactyle on alcohol, indicate that the composition of this 
body may be expressed by two rational formulas. In some cases, as 
Ulrich has shown, it is converted into compounds of the propionic 
acid series, in others it gives rise to true derivatives of lactic acid. 
Hence the names chloropropionic ether or chlorolactic ether may 
be given to it, according to the reactions it is desired to express. 


6 Tr4 2 
In the one case its formula would be i hn i + % in the 
6 T]4 O2 
other c z Hs 0?, 
Cl 


Wurtz is still engaged with the further study of lactobutyric 
acid, which appears to have a composition analogous to Strecker 
and Socoloff’s benzoglycolic and benzolactic acids. 


By the action of iodoform on sodium-alcohol, Butlerow ob- 
tained the iodide of methylene, C? H? I, the homologue of iodide 
of ethylene, C4 H*1I?; and by acting with it on acetate of silver, 
he obtained the acetate of metbyloglycol. From this substance 
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he was unable to obtain free methyloglycol, and in a recent series 
of experiments* he has also been unsuccessful. When this sub- 
stance is treated by potash, lime, ammonia, or even with water, 
decomposition takes place with formation of the acetate; but in 
all cases the methylene group is also decomposed, and probably 
with the formation of an acid. 

The decomposition of acetate of methyloglycol by means of 
oxide of lead is peculiar, and leads to the formation of a new 
body, which Butlerow names dioxymethylene. Its formation 
may be thus expressed :— 


2 Fi! 
2( ce a 072 }08) +4PbO=4C# H® PbO* + C*H404, 

yea an Rovira Acetate of lead. Dioxymethylene. 
It is also obtained by the action of iodide of methylene on oxa- 
late of silver. When a mixture in equal equivalents of these 
substances is carefully heated under rock-oil, a decomposition 
takes place ; a gas consisting of carbonic oxide and carbonic acid 
is evolved, and a solid volatile substance sublimes with the vapours 
of rock-oil, and condenses as a thin white crust on the receiver. 
It is purified by being pressed between blotting-paper, and by 
being successively washed with ether, alcohol, and water; it is 
then dried and sublimed. It has the appearance of transparent, 
hard crusts, with indistinct crystalline texture ; when heated it 
has a peculiar, acute and irritating odour. It is neutral, and 
without taste. It volatilizes below 100° C., and at about 152° 
it fuses and begins to boil. It does not readily dissolve either 
in boiling alcohol, ether, or water. 

Its analysis led to the formula C* H* 04, which was confirmed 
by a determination of the vapour-density. 

The reaction according to which it is formed is as follows :— 


404 

2( OG 2}0") +20? H P= C#H404 4 4g] +2020! +2020" 
Todide of Dioxyme- 

Oxalate of silver. methylene.  thylene. 

In its formation the elements of oxalic acid play no part, 
except apparently to modify the action. Under certain cireum- 
stances, iodide of methylene, treated with oxide of silver, yields 
dioxymethylene. 

When dioxymethylene is treated with iodide of phosphorus, 
some iodide of methylene is formed. It is acted upon by oxi- 
dizing agents with formation of carbonic acid and water. 

Dioxymethylene is isomeric with acetic acid, and contains 
twice the elements of oxide of methylene, C? H? O, the ether of 
methyloglycol. From its formula it might be that ether, had 


* Liebig’s Annalen, August 1859. 
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not the researches of Wurtz rendered it probable that the ethers 
__ of the glycols contain the same number of equivalents of carbon 
as the glycols themselves. 
When iodide of methylene is treated with chlorine, iodine is 
separated, and chloride of methylene, C*? H? Cl?, formed. It is 
an oily liquid, which distils af 40° to 41° C., with an odour 
_ resembling chloroform. The corresponding bromide, C? H? Br’, 
is similarly formed. Butlerow’s attempts to isolate the gas me- 
4 thylene were unsuccessful. 


Wurtz and Frapolli* succeeded in transforming aldehyde ito 
acetal by acting on sodium-alcohol with the compound C*H°0O?Cl, 
which is formed by the action of hydrochloric acid on aldehyde. 

Beilstein+ has performed the reverse of this operation by trans- 
forming acetal into aldehyde. 

When acetal and glacial acetic acid are heated in a sealed tube 
for two or three days to a temperature of 150° to 200° C., a 
liquid is obtained which begins to boil below 50°. If the 
vapours disengaged are received in ether saturated with ammo- 
niacal gas, the characteristic crystals of aldehyde-ammonia are 
obtained. The residual liquid contains acetic ether. The reac- 
tion is expressed by the equation 
C!? H!4 04 + 2(C4 H*0+) = 2(C*H3 (C*H®) O*) + C*H4*0?+2HO. 

Acetal. Acetic acid. Acetic ether. Aldehyde. 

Anhydrous acetic acid exerts a similar action. A liquid is 
obtained from which aldehyde and acetic ether may be extracted, 

C!? H4 04 + C8 H® OF = 2(C* H3(C* H) 0%) + C* H* O?. 
Acetal. Anhydrous Acetic ether. Aldehyde, 
acetic acid. 

From these experiments, acetal might be regarded as a combi- 
nation of aldehyde with ordinary ether, 

Oh HY Of= C4 H?4 O? Ete cs 10 O?, 
Acetal. Aldehyde. Ether. 


The same chemist{ tried the action of pentachloride of phos- 
phorus on acetal. He found that the action was different accord- 
ing to the proportions taken. By the action of 2 equivs. of 
pentachloride he hoped to obtain chloride of ethylidene, aceord- 
ing to the equation 

CH" O04 + 2PCh=2(C4 H>Cl) + C4 H3Cl+ 2P0? Cl? + HCL. 
Acetal. Pentachloride Chloride Chloride of Oxychloride 

of phosphorus. of ethyle. ethylidene. of phosphorus. 


But the action appears to take place in a somewhat different 


_ * Phil Mag. vol. xvii. p. 276. 
_ + Bulletin de la Société Chimique de Paris, p. 18. { Ibid. p. 46. 
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manner. Beilstein was able to recognize the presence of chlo- 
ride of ethyle, and of oxychloride of phosphorus, but no trace of 
chloride of ethylidene. On mixing the product of the action 
with water, a dense oily liquid separated, which, when purified 
and analysed, gave numbers agreeing best with the formula 
7. H° Cl. If this be its real formula, the reaction is probably 
thus :— 

C“?H“Ot + 2PCh = C* H9C8+C*H®Cl+2P0? CE. 

Acetal. Pentachloride New body. Chloride Oxychloride 
of phosphorus. of ethyle. of phosphorus. 

By taking 1 equiv. of pentachloride to 1 equiv. of acetal, the 
action is very violent, and requires to be greatly moderated. 
The crude product, cooled down, is carefully decomposed by the 
addition of ice; a small quantity of a liquid is obtained which 
appears to be the intermediate chloride of Wurtz and Frapolli, 
C8 H9 0? Cl, in which case the action would be in accordance 
with the equation 

C!? H!4 0?+4+ PC} =C? H® Cl + C8 H9 0? Cl + PO? CIS. 
Acetal. Intermediate 
chloride. 

The chloride C8 H9Cl® formed in the previous experiment 
would then owe its origin to the action of the second atom of 
pentachloride on the chloride, C8 H9 0? Cl; thus— 

C® H9 O? Cl + PCI =C8 H® Cl8 + PO? Cl. 
If these reactions be correct, the constitution of acetal might be 
thus written :— 
8 902 
Czy o£ fs i 02; 

in which view it would be an alcohol in which 1 equiv. of hy- 
drogen is replaced by the radical C? H9O?. This radical forms 
a chloride, C® H9 O? Cl, and a terchloride, C® H9 Cl*; but its sta- 
bility is not great, and it readily decomposes into ethyle and 
aldehyde. 


XLVII. Proceedings of Learned Societies. 
ROYAL SOCIETY. 
[Continued from p. 227.] 
May 26, 1859.—Sir Benjamin C. Brodie, Bart., Pres., in the Chair. 
i ‘ees following communications were read :— 

‘On the Occurrence of Flint-implements, associated with the 
Remains of Extinct Mammalia, in Undisturbed Beds of a late Geo- 
logical Period.’”’ By Joseph Prestwich, Esq., F.R.S., F.G.S. &e. 

The author commences by noticing how comparatively rare are 
the cases even of the alleged discovery of the remains of man or of 
his works in the various superficial drifts, notwithstanding the ex- 
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tent to which these deposits are worked; and of these few cases so 
many have been disproved, that man’s non-existence on the earth 
until after the latest geological changes, and the extinction of the 
Mammoth, Tichorhine Rhinoceros, and other great mammals, had 
come to be considered almost in the light of an established fact. 
Instances, however, have from time to time occurred to throw some 
doubt on this view, as the well-known cases of the human bones 
found by Dr. Schmerling in a cavern near Liege,—the remains of 
man, instanced by M. Marcel de Serres and others in several caverns 
in France,—the flint-implements in Kent’s Cave,—and many more. 
Some uncertainty, however, has always attached to cave-evidence, 
from the circumstance that man has often inhabited such places at 
a comparatively late period, and may have disturbed the original 
cave-deposit ; or, after the period of his residence, the stalagmitic 
floor may have been broken up by natural causes, and the remains 
above and below it may have thus become mixed together, and 
afterwards sealed up by a second floor of stalagmite. Such instances 
of an imbedded broken stalagmitic floor are in fact known to occur ; 
at the same time the author does not pretend to say that this will 
explain all cases of intermixture in caves, but that it lessens the value 
of the evidence from such sources. 

The subject has, however, been latterly revived, and the evidence 
more carefully sifted by-Dr. Falconer; and his preliminary reports 
on the Brixham Cave*, presented last year to the Royal Society, 
announcing the carefully determined occurrence of worked flints 
mixed indiscriminately with the bones of the extinct Cave Bear and 
the Rhinoceros, attracted great and general attention amongst geo- 
logists. This remarkable discovery, and a letter written to him b 
Dr. Falconer on the occasion of his subsequent visit to Abbeville 
last autumn, instigated the author to turn his attention to other 
ground, which, from the interest of its later geological phenomena 
alone, as described by M. Buteux in his “ Esquisse Géologique du 
Departement de la Somme,” he had long wished and intended to 
visit. 

In 1849 M. Boucher de Perthes, President of the ‘Société 
d@ Emulation” of Abbeville, published the first volume of a work 
entitled “ Antiquités Celtiques et Antédiluviennes,” in which he an- 
nounced the important discovery of worked flints in beds of undis- 
turbed sand and gravel containing the remains of extinct mammalia. 
Although treated from an antiquarian point of view, still the state- 
ment of the geological facts by this gentleman, with good sections 
by M. Ravin, is perfectly clear and consistent. Nevertheless, both 
in France and in England, his conclusions were generally considered 
erroneous ; nor has he since obtained such verification of the pheno- 
mena as to cause so unexpected a fact to be accepted by men of 
science. ‘There have, however, been some few exceptions to the 
general incredulity. The late Dr. Rigollot, of Amiens, urged by 


* On the 4th of May, this year, Dr. Falconer further communicated to the Geo- 
logical Society some similar facts, though singularly varied, recently discovered 
by him in the Maccagnone Cave near Palermo.—See Proc. Geol. Soe. 
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M. Boucher de Perthes, not only satisfied himself of the truth of 
the fact, but corroborated it, in 1855, by his ‘“ Mémoire sur des 
Instruments en Silex trouvés 4 St. Acheul.”’ Some few geologists 
suggested further inquiry ; whilst Dr. Falconer, himself convinced 
by M. de Perthes’ explanations and specimens, warmly engaged 
Mr. Prestwich to examine the sections. 

The author, who confesses that he undertook the inquiry full of 
doubt, went last Easter, first to Amiens, where he found, as de- 
scribed by Dr. Rigollot, the gravel-beds of St. Acheul capping a 
low chalk-hill a mile S.E. of the city, about 100 feet above the level 
of the Somme, and not commanded by any higher ground. The 
following is the succession of the beds in descending order :— 

Average thickness. 

1. Brown brick-earth (many old tombs and some coins), 

with an irregular bed of flint-gravel. No organic remains. 10 to 15 ft. 

Divisional plane between | and 2a very uneven and indented. 
2a. Whitish marl and sand with small chalk debris. Land 

and freshwater shells (Lymnea, Succinea, Helix, Bithynia, 

Planorbis, Pupa, Pisidium, and Ancylus, all of recent 

species) are common, and mammalian bones and teeth are 

Occasionally found .........ce+.sesereseeesee Ores or rec 2 to 8 ft. 
20. Coarse subangular flint-gravel,—white with irregular 

ochreous and ferruginous seams,—with tertiary flint peb- 

bles and small sandstone blocks. Remains of shells 

as above, in patches of sand. Teeth and bones of the ele- 

phant, and of a species of horse, ox, and deer,—generally 

near base. This bed is further remarkable for containing 

worked flints (“ Haches ” of M. de Perthes, and “ Langues 

de Chat” of the workmen) ..... ppcpuetepddee Wepetiaphad cae ae 6 to 12 ft. 

Uneven surface of chalk. 

The flint-implements are found in considerable numbers in 26. 
On his first visit, the author obtained several specimens from the 
workmen, but he was not successful in finding any himself. On his 
arrival, however, at Abbeville, he received a message from M. Pinsard 
of Amiens, to whose cooperation he expresses himself much indebted, 
to inform him that one had been discovered the following day, and 
was left in situ for his inspection. On returning to the spot, this 
time with his friend Mr. Evans, he satisfied himself that it was 
truly iz situ, 17 feet from the surface, in undisturbed ground, and 
he had a photographic sketch of the section taken*. 

Dr. Rigollot also mentions the occurrence in the gravel of round 
pieces of hard chalk, pierced through with a hole, which he considers 
were used as beads. The author found several, and recognized in 
them a small fossil sponge, the Coscinopora globularis, D’Orb., from 
the chalk, but does not feel quite satisfied about their artificial 
dressing. Some specimens do certainly appear as though the hole 
had been enlarged and completed. * 

The only mammalian remains the author here obtained, were 


* On revisiting the pit, since the reading of this paper, in company with 
several geological friends, the author was fortunate to witness the discovery and 
extraction by one of them, Mr. J. W. Flower, of a very perfect and fine specimen 
of flint-implement, in a seam of ochreous gravel, 20 feet beneath the surface. 
They besides obtained thirty-six specimens from the workmen.—June, 1859. 
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some specimens of the teeth of a horse—but whether recent or ex- 
tinct the specimens were too imperfect to determine ; and part of 
the tooth of an elephant (lephas primigenius’). In the gravel-pit 
of St. Roch, 14 mile distant, and on a lower level, mammalian 
remains are far more abundant, and include Elephas primige- 
nius, Rhinoceros tichorhinus, Cervus somonensis, Bos priscus, and 
Equus* ; but the workmen said that no worked flints were found 
there, although they are mentioned by Dr. Rigollot. 

At Abbeville the author was much struck with the extent and 
beauty of M. Boucher de Perthes’ collection. There were many 
forms of flints, in which he, however, failed to see traces of design 
or work, and which he should only consider as accidental ; but with 
regard to those flint-instruments termed “ axes” (‘haches”’) by 
M. de Perthes, he entertains not the slightest doubt of their artificial 
make. They are of two forms, generally from 4 to 10 inches long: 
the outlines of two specimens are represented in the following dia- 
gram. They are very rudely made, without any ground surface, 
and were the work of a people probably unacquainted with the use 
of metals. These implements are much rarer at Abbeville than at 
Amiens, fig. 1 being the common form at the former, and fig. 2 at 


Fig. 2. 
Ca ra ol 
Fig. 1. 
Front section. Side section 
Side section. Front section. 


One-third the natural size. 


the latter place. The author was not fortunate enough to find any 
specimens himself; but from the experience of M. de Perthes, and 
the evidence of the workmen, as well as from the condition of the 
specimens themselves, he is fully satisfied of the correctness of that 


* To this list the author has to add the Hippopotamus, of which creature 
four fine tusks were obtained on this last visit. 
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gentleman’s opinion, that they there also occur in beds of undisturbed 
sand and gravel. 

At Moulin Quignon, and at St. Gilles, to the S.E. of Abbeville, 
the deposit occurs, as at St. Acheul, on the top of a low hill, and 
consists of a subangular, ochreous and ferruginous flint-gravel, with 
a few irregular seams of sand, 12 to 15 feet thick, reposing upon an 
uneven surface of chalk. It contains no shells, and very few bones. 
M. de Perthes states that he has found fragments of the teeth of the 
elephant here. The worked flints and the bones oceur generally in 
the lower part of the gravel. 

In the bed of gravel also on which Abbeville stands, a number of 
flint-implements have been found, together with several teeth of the 
Elephas primigenius, and, at places, fragments of freshwater shells. 

The section, however, of greatest interest is that at Menchecourt, 
a suburb to the N.W. of Abbeville. The deposit there is very 
distinct in its character ; it occurs patched on the side of a chalk 
hill, which commands it to the northward ; and it slopes down under 
the peat-beds of the valley of the Somme to the southward. The 
deposit consists, in descending order, of— 

Average thickness. 

1. A mass of brown sandy clay, with angular fragments of 

flints and chalk rubble. No organic remains. Base very 

irregular and indented into bed No. 2.........sescceseceeeees 2 to 12 ft. 
2. A light-coloured sandy clay (“ sable gras’”’ of the work- 

men), analogous to the loess, containing land shells, 

Pupa, Helix, Clausilia of recent species. Flint-axes and 

mammalian remains are said to occur occasionally in 

GLUSTUEM aoe. cnes «chetvamddecanantecscarstcssectcrs Ges osatedeeuancene 8 to 25 ft. 
3. White sand (“sable aigre”), with 1 to 2 feet of subangular 

flint-gravel at base. This bed abounds in land and fresh- 

water shells of recent species of the genera Helix, Succinea, 

Cyclas, Pisidium, Valvata, Bithynia, and Planorbis, to- 

gether with the marine Buccinum undatum, Cardium 

edule, Tellina solidula, and Purpura lapillus. The author 

has also found the Cyrena consobrina and Littorina rudis. 

With them are associated numerous mammalian remains, 


and, it is said, flint-implements................sseecseeseseecees 2 to 6 ft. 
4. Light-coloured sandy marl, in places very hard, with 
Helix, Zonites, Succinea, and Pupa. Not traversed .....- 3+ 


The Mammalian remains enumerated by M. Buteux from this pit 
are LElephas primigenius, Rhinoceros tichorhinus, Cervus somo- 
nensis?, Cervus tarandus priscus, Ursus speleus, Hyena spelea, 
Bos primigenius, Equus adamaticus, and a Felis. It would be 
essential to determine how these fossils are distributed—which occur 
in bed No. 2, and which in bed No. 3. This has not hitherto been 
done. The few marine shells occur mixed indiscriminately with the 
freshwater species, chiefly amongst the flints at the base of No. 3. 
They are very friable and somewhat scarce. It is on the top of this 
bed of flints that the greater number of bones are found, and also, 
it is said, the greater number of flint-implements. The author, 
however, only saw some long flint flakes (considered by M. de 
Perthes as flint knives) turned out of this bed in his presence ; but 
the workmanship was not very clear or apparent; still it was as 
much so as in some of the so-called flint knives from the peat-beds 
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and barrows. There are specimens, however, of true implements 
(“haches”) in M. de Perthes’ collection from Menchecourt ; one 
noticed by the author was from a depth of 5, and another of 7 
metres. This would take them out from bed No. 1, but would 
leave it uncertain whether they came from No. 2 or No. 3. From 
their general appearance, and traces of the matrix, the author would 
be disposed to place them in bed No. 2, but M. de Perthes believes 
them to be from No. 3; if so, it must have been in some of the sub- 
ordinate clay seams occasionally intercalated in the white sand. 

Besides the concurrent testimony of all the workmen at the dif- 
ferent pits, which the author after careful examination saw no 
reason to doubt, the flint-implements (“haches”’) bear upon them- 
selves internal evidence of the truth of M. de Perthes’ opinion. It 
is a peculiarity of fractured chalk flints to become deeply and_per- 
manently stained and coloured, or to be left unchanged, according to 
the nature of the matrix in which they are imbedded. In most clay 
beds they become outside of a bright opaque white or porcelainic ; 
in white calcareous or siliceous sand their fractured black surfaces 
remain almost unchanged ; whilst in beds of ochreous and ferru- 
ginous sands, the flints are stained of the light yellow and deep brown 
colours so well exhibited in the common ochreous gravel of the 
neighbourhood of London. This change is the work of very long 
time, and of moisture before the opening out of the beds. Now in 
looking over the large series of flint-implements in M. de Perthes’ col- 
lection, it cannot fail to strike the most casual observer that those from 
Menchecourt are almost always white and bright, whilst those from 
Moulin Quignon have a dull yellow and brown surface ; and it may be 
noticed that whenever (as is often the case) any of the matrix adheres 
to the flint, it is invariably of the same nature, texture, and colour 
as that of the respective beds themselves. In the same way at St. 
Acheul, where there are beds of white and others of ochreous gravel, 
the flint-implements exhibit corresponding variations in colour and 
adhering matrix ; added to which, as the white gravel contains chalk 
debris, there are portions of the gravel in which the flints are more 
or less coated with a film of deposited carbonate of lime ; and so it is 
with the flint-implements which occur in those portions of the 
gravel. Further, the surface of many specimens is covered with fine 
dendritic markings. Some few implements also show, like the 
fractured flints, traces of wear, their sharp edges being blunted. In 
fact, the flint-implements form just as much a constituent part of 
the gravel itself—exhibiting the action of the same later influences 
and in the same force and degree—as the rough mass of flint frag- 
ments with which they are associated. 

With regard to the geological age of these beds, the author refers 
them to those usually designated as post-pliocene, and notices their 
agreement with many beds of that age in England. The Menche- 
court deposit much resembles that of Fisherton near Salisbury ; the 

avel of St. Acheul is like some on the Sussex coast; and that of 
Moulin Quignon resembles the gravel at East Croydon, Wandsworth 
Common, and many places near London. The author even sees 
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reason, from the general physical phenomena, to question whether 
the beds of St. Acheul and Moulin Quignon may not possibly be 
of an age one stage older than those of Menchecourt and St. Roch; 
but before that point can be determined, a more extended knowledge 
of all the organic remains of the several deposits is indispensable. 

The author next proceeds to inquire into the causes which led 
to the rejection of this and the cases before mentioned, and shows 
that in the case of M. de Perthes’ discovery, it was in a great degree 
the small size and indifferent execution of the figures and the 
introduction of many forms about which there might reasonably 
be a difference of opinion ;—in the case of the arrow-heads in Kent’s 
Cave a hidden error was merely suspected ;—and in the case of 
the Liege cavern he considers that the question was discussed on 
a false issue. He therefore is of opinion that these and many similar 
cases require reconsideration ; and that not only may some of these 
prove true, but that many others, kept back by doubt or supposed 
error, will be forthcoming. 

One very remarkable instance has already been brought under the 
author’s notice by Mr. Evans since their return from France. In 
the 13th volume of the ‘Archzologia,’ published in 1800, is a paper 
by Mr. John Frere, F.R.S. and F.S.A., entitled “An Account of 
Flint-Weapons discovered at Hoxne in Suffolk,” wherein that gentle- 
man gives a section of a brick-pit in which numerous flint-imple- 
ments had been found, at a depth of 11 feet, in a bed of gravel con- 
taining bones of some unknown animal; and concludes from the 
ground being undisturbed and above the valley, that the specimens 
must be of very great antiquity, and anterior to the last changes of 
the surface of the country,—a very remarkable announcement, 
hitherto overlooked. 

The author at once proceeded in search of this interesting locality, 


and found a section now exposed to consist of — 
feet. 

1.) Harthiand+a Wey, Mints et vex ject se sta. ad carob vsavesteserstes des tieckewen ee 2 
2. Brown brick-earth, a carbonaceous seam in middle and one o: 

gravel at base; no organic remains. The workmen stated that 

two flint-implements (one of which they shortly picked up in 

the author’s presence) had been found about 10 feet from the 

surface during the last Winter <i. sev. dseus} dcccesucecnasvtiiececessones 12 
3. Grey clay, in places carbonaceous and in others sandy, with recent 

land and freshwater shells (Planorbis, Valvata, Suecinea, Pisi- 


dium, Helix, and Cyclas) and bones of Mammalia ..............+0+5 4 
4. Small subangular flint-gravel and chalk pebbles .........ssscseeeeees 24 
5. Carbonaceous clay (stopped by water) .........csececssoeueeess eeeeeees $+ 


The weapons referred to by Mr. Frere are described by him as 
being found abundantly in bed No, 4; but at the spot where the 
work has now arrived, this bed is much thinner, and is not worked. 
In the small trench which the author caused to be dug, he found 
no remains either of weapons or of bones. He saw, however, in the 
collection of Mr. T. E. Amyot, of Diss, specimens of the weapons, 
also an astragalus of the elephant from, it was supposed, this bed, 
and, from bed No. 3, the teeth of a horse, closely resembling those 
from the elephant-bed of Brighton. 
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The specimens of the weapons figured by Mr. Frere, and those 
now in the British Museum and elsewhere, present a singular simi- 
larity in work and shape to the more pointed forms from St. Acheul. 

One very important fact connected with this section, is that it 
shows the relative age of the bone and implement-bearing beds. 
They form a thin lacustrine deposit, which seems to be superimposed 
on the Boulder Clay, and to pass under a bed of the ochreous sand and 
flint-gravel belonging to the great and latest drift-beds of the district. 

_ The author purposely abstains for the present from all theoretical 
considerations, confining himself to the corroboration of the facts :— 

1. That the flint-implements are the work of man. 

2. That they were found in undisturbed ground. 

3. That they are associated with the remains of extinct Mammalia. 

4. That the period was a late geological one, and anterior to the 
surface assuming its present outline, so far as some of its minor 
features are concerned. 

He does not, however, consider that the facts, as they at present 
stand, of necessity carry back Man in past time more than they bring 
forward the great extinct Mammals towards our own time, the 
evidence having reference only to relative and not to absolute time ; 
and he is of opinion that many of the later geological changes may 
have been sudden or of shorter duration than generally considered. 
In fact, from the evidence here exhibited, and from all that he 
knows regarding drift phenomena generally, the author sees no 
reason against the conclusion that this period of Man and the ex- 
tinct Mammals—supposing their contemporaneity to be proved— 
was brought to a sudden end by a temporary inundation of the 
land; on the contrary, he sees much to support such a view on 
purely geological considerations. 

The paper concludes with a letter from Mr. John Evans, F.S.A. 
and F.G.S., regarding these implements from an antiquarian rather 
than a geological point of view, and dividing them into three classes :— 

1. Flint flakes—arrow-heads or knives. 

2. Pointed weapons truncated at one end, and probably lance or 
spear heads (fig. 2). 

3. Oval or almond-shaped implements with a cutting edge all 
round, possibly used as sling-stones or as axes (fig. 1). 

Mr. Evans points out that in form and workmanship those of the 
two last classes differed essentially from the implements of the so- 
ealled Celtic period, which are usually more or less ground and 
polished, and cut at the wide and not the narrow end ; and that, had 
they been found under any circumstances, they must have been 
regarded as the work of some other race than the Celts or known 
aboriginal tribes. He fully concurs with Mr. Prestwich, that the 
beds of drift in which they were found were entirely undisturbed. 


Observations on the Discovery in various Localities of the Remains 
of Human Art mixed with the Bones of Extinct Races of Animals.”’ 
By Charles Babbage, Esq., M.A., F.R.S. &c. 

Statements have recently been made relative to the discovery of 
works of human art occurring in a breccia amongst bones of ancient 
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animals, hitherto supposed to have been extinct long anterior to the 
existence of our race. These observations are supposed by some to 
prove the great antiquity of the human race ; whilst others, equally 
competent to form an opinion, admit that the intermixture of such 
remains presents a most perplexing mystery. 

Whatever may be the result of yet unpublished or of future and 
more extensive observations, it is certainly premature to assign this 
great antiquity to our race, as long as the occurrence of such mix- 
tures can be explained by known causes admitted to be still in action. 

Two places have recently been pointed out in which such mixtures 
are stated to occur :—Ist, certain localities in France ; 2nd, certain 
caves in Sicily. The latter have been visited by Dr. Falconer, and 
as the information respecting them which we at present possess, 
though small, is yet much more definite than what is known of the 
French locality, my explanations will chiefly relate to the latter. 

It is stated that one of the Sicilian caves has its sides perforated 
by marine animals. 

That on penetrating the stalactitical incrustation covering the 
roof of the cavern, and detaching fragments, it was found to consist 
of a breccia of bones of animals long extinct, mixed with fragments 
of flint or stone, bearing evident traces of human art. 

In order to explain these circumstances, it is only necessary to 
admit the upheaval of the land and the occurrence of torrents. 


Fig. 1. 


lst Period.—Let us suppose two caverns, a lower, A, and an 
upper, B C, communicating with each other by a long rent or pipe 
P. This pipe may be supposed of any height, sufficient when filled 
with water to produce the required force. 

The lower cavern is supposed to be nearly at the level of the sea. 
Pholades and other marine animals will perforate or attach them- 
selves to the bottom and sides of the cavern ; and if the sea entirely 
fill it, the roof too, or at least that portion adjacent to the mouth of 
the cavern, may be similarly affected. The rocks in which these 
caverns occur may be of any geological age. 

2nd Period.—By the gradual or quick upheaval of the strata in 
which these caverns occur, they may become dry. 
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During the rising, or at a later period, fragments of rock may 
have accumulated at the open mouth of the lower cavern, and thus 


have stopped up its entrance, leaving the roof, sides, and floors 
bearing evident traces of having been an ocean cave. 

3rd Period.—Ages may have elapsed during which other strata 
may have been depositing in other portions of our globe. But 
ultimately the earth became inhabited by those ancient, but now 
extinct mammalia, whose remains abound in its caverns. 


Fig. 3. 


4th Period. Ages may again have intervened when man, in his 
first rude state of existence, entering this deserted den through the 
opening its former occupants had used, might have been glad to 

elter himself from an inclement climate in this bone-house of a 
more ancient world. 
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During this period traces of man’s skill would probably be left 
within his miserable abode ; pottery, if he possessed the art; char- 
coal or charred wood, if he were acquainted with fire; rude cutting 
instruments of flint or other hard stone, perhaps spear or arrow-heads. 

Fig. 4 represents the caverns at the end of the fourth period. 

Fig. 4. 


5th Period.—Torrents entering by the aperture at C, might now 
have swept through the upper cavern, perhaps at successive intervals 
of time. The effect of such torrents would be to wash from the 
sloping floor of the upper cavern, the mixed remains of animal and 
human life, together with the earliest traces of human art. 

In some of these catastrophes, the workman, as well as his work, 
may have been entombed together in the lower cavern. 


Fig. 5. 


Thus in the course of time the whole of the lower cavern may 
have been filled up even to the roof. 
This state is represented in fig. 5. 
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The effect of infiltration through the roof would now cement into 
a breccia the mingled remnants from the upper chamber, and enclose 
them, as it were, in a marble monument, in their new, though not 
their latest resting-place. 

But the infiltration proceeding from the roof would act first, and 
most powerfully, in cementing the upper part of the intruded mass. 

The lower portion would be less consolidated, and therefore less 
capable of resisting any pressure from above. 

6th Period.—In the progress of time, some torrent of extra- 
ordinary magnitude may have penetrated through the upper cavern, 
and, filling the channel or pipe P, have acted by its hydrostatic 
pressure on the semi-consolidated matter in the lower one. As the 
water accumulated in the pipe, the pressure would become immense, 
and ultimately the materials included in the lower cavern would give 
way at their point of least resistance. This would probably be 
towards the middle or bottom of the original entrance. The first 
sudden rush would probably clear out the greater part of the con- 
tents of the lower cavern, leaving, however,— 

Ist. Those portions attached to the roof by the infiltrated matter. 

2nd. Those portions on the floor more consolidated by pressure 
than the middle which gave way; and also other portions of the 
loose rubbish which the form of the floor at the entrance of the 
cave might have intercepted in its course. 

After this reopening of the lower cavern, the access of air would 
accelerate evaporation from its roof, and that portion of the breccia 
still adhering to it would gradually acquire the external coating of 
stalactite which usually occurs in caves. 

In the meantime the dropping from the roof, falling upon the 
floor, might also contribute to consolidate the remaining fragments, 
and, although more slowly, cover the whole of them with a stalag- 
mitic floor. 

Fig . 6. 


In this state, on entering the lower cave, the walls would be found 
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perforated by marine animals, and no traces of animal life or of human 
art would present itself ; but on excavating the floor, both would be 
found below the stalagmite ; whilst if the curious inquirer should 
drive his pick into the roof, its fragments would bear testimony to 
the same fact. 

Fig. 6 represents the final state of the cavern. 

That caverns are occasionally filled with water, and after remaining 
full perhaps for centuries, are drained by artificial or natural causes, 
is well known. A very interesting case presented itself to me when 
visiting the caverns of Mitchelstown in Ireland. 

These caverns had recently (1833) become accessible, and were 
then very imperfectly explored. I expressed to the guides my wish 
to visit some of the unexplored portion, and, after traversing various 
chambers during six hours, we entered a long and lofty cavern, the 
floor of which sloped rather steeply towards one side. The whole 
floor was covered with a coat of soft red mud, about three inches 
thick, still holding a portion of the water in which it had been sus- 
pended. No trace whatever of the footsteps of man or of animals 
appeared ; the impression of our own feet alone marked the track 
up to the point which we had reached. Being rather in advance of 
my companions, my attention was suddenly attracted by what ap- 
peared to me to be about a bushel of soot lying in a small heap on 
the floor. On examination, I found it to consist of a moist spongy 
substance, of a black colour, which might, if dry, have assumed the 
form of a coarse black powder. Asking the opinion of my guide, he 
suggested that it might have been the remains of a fire lighted by 
some previous explorer; but this was inadmissible. I looked round 
for matter of the same kind, but on further search I could not 
detect. any other instance ; however, accidentally casting my eye 
towards the roof of the cavern, I observed a black patch vertically 
above the heap of supposed soot lying on the floor, and from 20 to 
30 feet above it. The dotted line, a........6, fig. 5, may repre- 
sent the position. ’ 

On my return from the cavern I examined the black sooty matter, 
and found that it left but very small traces under the action of the 
blowpipe. 

On the following day, having made inquiries as to the drainage of 
the neighbouring country, I was informed that about twenty years 
before my visit, a stream of water had been diverted from the valley 
in which it originally flowed, into another adjacent valley. 

I then visited several quarries, in one of which, about a mile from 
the caves, I observed a small stream of water terminating in a little 
pool or sink. In this pool I noticed slight eddies, which occasionally 
sucked in very small particles floating on the surface of the water. 

I now visited the valley from which the original stream had been 
diverted, and found at some elevation a peat bog to which it had pro- 
bably given rise. This peat was in several parts nearly black ; the most 
decayed portion greatly resembled the black matter I had brought 
from the cavern. The origin of this black matter in the cavern now 
became apparent. 
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The large caverns I had visited were considerably below the level 
of the peat moss, and the stream which flowed through it. A portion 
of its waters was conveyed by sinks and crevices into the caves, and 
kept them continually full. There must, however, have been some 
very small leakage through which, when the stream which supplied 
the water was cut off, those caverns were, after many years, laid dry. 

A small mass of unconsolidated peat, sufficiently light to float, 
must have been conveyed by the water into those caverns. When 
it arrived at the spot on which the black matter was found, the 
piece of peat which still floated must have been pressed against the 
roof of the cavern. Remaining there undisturbed for years, it may 
have become by decomposition specifically heavier than water, and 
then have subsided vertically down on the floor to the place on which 
I found it, leaving in the black spot on the roof the certificate of its 
former residence. On the other hand, the piece of peat may have 
retained its power of floating, and only have descended to the floor 
of the cavern by the slow escape of the water. 

Such circumstances as these ought to induce us to examine with 
great caution, any instances of the occurrence of works of human art 
mixed with the remains of animals not yet proved to have been co- 
existent with man. Accident might have conveyed and hidden in the 
Mitchelstown caverns, a portion of human dress instead of a patch of 
peat. It is obvious that under slightly altered circumstances, in- 
struments formed by man, the bony remains of his frame, or those 
of other recent animals, might, by still existing causes, be conveyed 
into deep recesses in the bowels of the earth, and there deposited 
with the remains of animals of an entirely different geological 
age. 
Cases might occur in which the water passing in larger quantity 
would convey into such caverns a quantity of suspended mud, 
differing in its character at various seasons, and thus silt up the 
confused relics of distant ages in a regularly stratified deposit. 

It is quite possible that the human remains might thus be 
enclosed beneath the stalagmitic crust, whilst the more ancient 
remains were scattered above it, uncovered, or covered by another 
coat of stalagmite. 

If we suppose the existence of two upper caves, B and C, at dif- 
ferent heights, each separately communicating with the lowest cave, 
A, as in fig. 7, then still more remarkable facts might ultimately 
present themselves to those whom accident should lead to examine 
the lowest cave. If, for example, the highest of these caves (C) 
contained only the remains of the extinct races of animals, and the 
other, or middle cave (B), nothing but those of man and the works 
of his own hands, the following series of events might occur :— 

Ist. A flood directing its course wholly through the middle cave 
(B), might wash down the fragments of the bones and works of 
man from that cave, and deposit them on the floor of the lowest 
cavern (A). 

2nd. In a long series of years, a thick stalagmitic covering might 
be formed, giving an entire new stony floor to that cavern. 
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3rd. Afterwards another flood, rising to a higher level, acci- 
dentally taking its course through the highest cave (C), might cover 
this new stalagmitic floor of the lowest cave (A) with the bony frag- 
ments of these more ancient animals. 

4th. The continued infiltration from above might again cover 
these remains with another thick coating of stalagmite ; such altera- 
tions might even be several times repeated. 

The annexed sketch will explain this case more clearly :— 


Fig. 7. 


The great geological law, that the order of succession of strata in- 
dicates the order of their antiquity, the lowest being always the 
oldest, is limited by the condition that those strata shall not have 
been removed from their original beds. 

But the action of causes still existing may have produced apparent 
deviations from this order, and the present state of geological science 
seems to require an examination of such exceptional cases. 

If a great river, similar to the Mississippi or the Amazon, flowed 
through a country whose superficial stratum consisted of a thin bed 
of chalk succeeded by gault, then during thousands of ages it 
would distribute, by means of an ocean current, its milky burden 
over the bottom of the existing ocean, on which, after a lengthened 
interval, a bed of chalk would reappear. 

When the superficial bed of chalk over which the river flowed 
was cut through, its waters would begin to act on the newly-exposed 
gault ; and after another period of equally vast length, a stratum of 
gault might cover the chalk, thus producing an extensive inversion 
of the two strata. 

But this would be dependent on the relative fineness and specific 
gravity of the particles of the two substances. It is possible that 
the particles of gault, if larger or of greater specific gravity than 
those of the chalk, might arrive at a greater terminal velocity, and 
even overtake and pass through those of the chalk still suspended, 
thus forming a bed below the chalk, or a mixed bed of chalk passing 
into gault, and then ultimately a bed of gault above the chalk. 
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In such circumstances few or none of the larger fossils would 
occur, but possibly the remains of infusorial animals might enable us 
to identify the material of the ancient and of the new but inverted 
deposit of gault. 


The case of remains of human art found imbedded with bones of 
extinct races of animals in deposits of ancient gravel, seems to 
require a different explanation. 

Admitting, however, the existence of those animals to have been 
contemporaneous with the original distribution of the gravel, it by no 
means certainly follows that the race of man was coeval with them. 

For the remains of man and his rude arts might occur on the 
surface of that gravel long ages after the extinction of those races of 
animals. Several causes might produce their mixture :— 

1st. A vast lake bursting its barriers by erosion, or by an earth- 
quake, might carry before it in its impetuous course the superficial 
remains of man, mixed up with vast quantities of gravel, containing 
the bones of the extinct races of animals, and deposit them over a 
large area of land at a lower level. 

2nd. The change of the course of a river, or of a branch of its 
delta, might produce the same mixture of the remains of two distinct 
and far distant ages. It might, by the clearing out of its new 
channel, carry off the gravel and the remains of extinct animals, and 
deposit them, mixed up with specimens of human art, on spots 
which, after a few centuries, might again reappear as dry land. 

3rd. A narrow pass, the outlet of a stream of water, might be 
stopped up by the avalanches falling from a glacier after a severe 
winter, and the lake formed by the stream might thus periodically 
rise, until the pressure broke through the barrier. 

4th. Amongst the phenomena occurring during earthquakes, it 
has been observed that large cracks have suddenly opened and as 
suddenly closed, either immediately or shortly after. During these 
momentary or temporary openings, the remains of the arts of man, 
and even man himself, may have dropped into the chasm. Under 
such circumstances, remains of man and his arts might occur in 
formations of any date. If the cleft occurred in rock or in any 
very hard material, traces of it would remain to indicate their origin. 
If it occurred in clay or softer material, the track through which 
these remains entered might be partially or even entirely obliterated. 
If the cleft occurred in tolerably compact gravel and then imme- 
diately closed, it would scarcely be possible at a future period to 
trace its origin. 

The discussion of the recent observations of Mr. Prestwich on 
flints, worked apparently by the hand of man, found deeply im- 
bedded in ancient gravel, as well as the extensive observations of 
Dr. Falconer on the bone-caves of Sicily, have given a new and 
important interest to the great question of the antiquity of the resi- 
dence of our race on the planet we inhabit. 

Having examined a few of these flint-instruments, I am satisfied 
that several of them have been worked by human hands. This 
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opinion is founded upon the previous examination many years ago of 
the mode then used for making gun-flints. 

Amongst the many valuable observations of Dr. Falconer, one 
fact to which he testifies deserves the most marked attention, 
and may possibly assist in directing us to the true solution of the 
problem. 

Dr. Falconer has noticed the fact that the greater portion of these 
bones belong to the Hippopotamus, and also that they occur in their 
several deposits in enormous numbers. In each cave there must 
have been several thousands, if not tens of thousands, of individuals. 
The question immediately suggests itself, what causes producéd this 
vast collection of individuals of the same race entombed in one 
common sepulehre ? 

It is scarcely possible to suppose that any instinct could have led 
the Hippopotamus, when death approached, to have chosen particular 
spots where the bones of his race were exposed to his view. If this 
were so, then most probably the existing race would possess the same 
instinct. 

Another question arises : Were these remains originally deposited in 
different localities, and afterwards transported by some common cause 
to these various caverns and beaches? Water seems the only probable 
mode of conveyance : if this were so, traces of the rolling action of 
water must be found on a// the bones, but this I apprehend is not 
the case. Moreover, it is difficult to conceive how water could have 
collected the bones of a multitude of individuals of the same race, 
distributed over a wide extent of country, into a few favoured 
localities. The bones of all other animals inhabiting the same 
country, and remaining on its surface, would have been exposed to 
the same action, and should have been deposited in the same tomb. 
If these animals all perished at the same time in each locality, some 
common cause must have produced the catastrophe. 

Although the existing evidence may be insufficient to lead us to 
the true solution of this interesting question, yet it may be useful to 
throw out hypotheses, which, by accounting for some of the facts, 
shall direct the attention of future observers to the examination of 
such special points as may either partially support or directly dis- 
prove these conjectures. 

With this view I shall offer two conjectures, one dependent on the 
subsidence of the land, the other upon the rising of the waters. 

Conjecture 1.—By the subsidence of the land. 

Let us imagine that the basin of the bottom of the Mediterranean 
had at a former period been on a level with, or just above the 
African continent. Sicily and the various islands would then have 
stood above it as mountain chains. 

One portion of the drainage of this land may have been effected 
by a vast river passing into the Atlantic through the opening now 
known as the Straits of Gibraltar. 

In this state of things extensive freshwater lakes and other large 
rivers may have contributed to support large herds of Hippo- 
potami. ‘ 
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In such circumstances the gradual subsidence of this land would 
check the outflow of its rivers, and occasion extensive marshes and 
lakes, a state of things favourable to the increase of the Hippo- 
potami. As the subsidence proceeded, those animals which dwelt 
on the banks of the lakes and rivers would be driven inland. The 
waters of the Atlantic, entering through the channel of the former 
river, would convert the low ground and the marshes into sea, and 
thus gradually isolate the sinking land from the African coast. 

When this state of the country had caused the Hippopotami to 
multiply rapidly, an increased rapidity in the sinking of its lands 
through the waters, might drive those animals rapidly to the higher 
lands, which would then form islands, on the borders of which they 
would congregate in multitudes, until numbers of them, collected in 
ravines, rushing on in their attempts to escape in search of food, 
might trample each other to death and leave their bodies at the foot 
of impassable precipices washed by this new sea. 

Conjecture I1.—Let us suppose that the basin of the Mediter- 
ranean was formerly dry land shut in from the Atlantic by a barrier 
at the Straits of Gibraitar. In these circumstances the whole of the 
present Mediterranean Sea would have been a country sunk more or 
less under the level of the ocean; just as a large tract of country 
around the Dead Sea is at present, 

The country included in this great depression might be warmer 
than others situated in the same latitude, and would be full of lakes 
fed by rivers, since there could be no drainage except from evaporation. 
It would therefore probably be favourable to the growth of the 
Hippopotamus. 

Imagine now some convulsion to have opened the Straits of 
Gibraltar, so as to have allowed the waters of the Atlantic to enter 
this vast basin. The salt river thus introduced might require days, 
or weeks, or months, or years, before it filled thisimmense cavity ; it 
might also increase its velocity as it wore away the channel of its 
entrance. 

Under these circumstances the Hippopotami would be gradually 
driven to the higher ground, and those mountainous regions which 
now form the islands of the Mediterranean would then have re- 
ceived on their shores the hosts of animals, driven by this inundation to 
seek dry land on which to repose and food on which they might subsist. 

Both of these hypotheses account for the aggregation in different 
localities, of the remains of large numbers of animals of the same 
class, dwelling amongst rivers and lakes ; both equally account for 
their destruction on the same spots, either by trampling each other to 
death in the rush to escape, or by the slower processes of drown- 
ing or starvation. But neither hypothesis accounts for the fractured 
state of these bones, even though the animals should have rushed 
over the precipice. It might be expected that some portion of these 
Hippopotami, escaping from the deluge which destroyed their race, 
would have reached the plains of some larger island, and then 
separating in search of food, have left their carcases, wasted by 
famine, variously scattered at a distance from each other. 

X 2 
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The following questions are thus suggested for inquiry :— 

Are the bones of young and of old animals mixed indiscriminately 
throughout the whole of these bone-beds ? 

Is it possible to distinguish the bones of females from those of 
males ? 

Do the bones of the larger and stronger individuals oceur in 
ereater abundance near the top of the bone-beds, and those of the 
smaller and feebler animals nearer the bottom of those beds ? 

If the sea followed these animals quickly, the young and the 
feeblest would perish before they reached the great deposits of bones, 

Although not at all confident that either of these explanations is 
the true one, I look upon them as open to less objection than any 
other of which I have yet heard, and therefore give them a tem- 
porary assent. 

The conclusion to which these remarks lead, is that whilst we 
ought to be quite prepared to examine any evidence which tends to 
prove the great antiquity of our race, yet that if the facts adduced 
can be explained and accounted for by the operation of a few simple 
and natural causes, it is unphilosophical to infer the coexistence of 
man with those races of extinct animals. 

The interest and importance of the subject are such, that new and 
still more extensive researches cannot fail to be made; and if these 
remarks shall in any way contribute to lighten the labour of future 
inquirers, or to promote the true explanation of the facts, they will 
have fully attained the object of their publication. 


The following references may be useful :— 
~ In 1819 during the earthquakes in Cutch. ‘In jets of black muddy water 
thrown out of fissures, there were cast up numerous pieces of wrought iron 
and ships’ nails.”—Lyell, Geol. 

Tt is in the midst of this old alluvium near Krems, that the human skulls 
(like Caribs’) have been found, which have been described by Count Breuner, 
Geol. Journ. vol. i. p. 225. 

Remains of man in connection with parallel roads.—Geol. Journ. vol. iii. p. 227. 

Human skeleton found undisturbed in bed of Cardiwm edule, near Waterford. 
—Proc. Geol. Soe. vol. iii. p. 361. 
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May 16, 1859.—Mr. Hopkins gave a lecture “On Glacial 
Theories.” 

De Saussure attributed the motion of glaciers to their sliding over 
the bottoms of the valleys in which they exist, but does not appear 
to have made any observations on the change of form to which the 
glacial masses may be subject during their motion. No advance 
was made in our knowledge of glaciers for many years after De 
Saussure’s death, till certain Swiss observers, Charpentier and others, 
rather more than twenty years ago, added much to our knowledge 
of the subject. Among these glacial observers, M. Agassiz, with 
characteristic zeal and activity, soon afterwards took a prominent 
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position. He and those who were associated with him, or had pre- 
ceded him, brought forward incontestible evidence of the former ex- 
tension of glaciers in the Alps, and of their efficiency in the trans- 
port of enormous angular fragments of rock from their original sites 
to other localities, not only in the same Alpine valley, but even on 
the flanks of the Jura on the opposite side of the great central valley 
of Switzerland. ‘These were the great facts which bore upon specu~ 
lative geology. Glaciers were still engaged in the work of trans- 
port, and they had been so on a much larger scale at some former 
epoch; the masses of ice of which they were composed had been 
then of much larger dimensions, and consequently the mean climate 
of Western Europe must have been at that period considerably lower 
than at present. No one was so active as M. Agassiz in pressing 
these facts on the notice of geologists, or insisted more strongly on 
their geological importance ; and by the energy of his own character, 
his great reputation, and extensive personal acquaintance with men 
of science, he had undoubtedly made the first great steps in giving 
currency to the glacial theories of geology—theories which, though 
viewed at that time with much distrust, had since, with such modi- 
fications as enlarged knowledge and sober judgment had imposed 
on them, been universally recognized by geologists. 

For his unflinching advocacy of the glacial theory in its broad out- 
lines, geologists had been unquestionably much indebted to M. 
Agassiz; but in his physical theories respecting glacial phenomena, 
he had not shown that caution or acquaintance with physical science 
which the subject demanded. With respect to the motion of glaciers, 
it may be sufficient to state that he regarded it as due to the infil- 
tration and subsequent freezing of water within the glacier, and a 
consequent expansion of its mass, by which the glacier in general, 
and especially those portions near its lower extremity, were urged 
forwards in the direction in which the bed of the glacier descended. 
Few persons ever received this theory, and it is no longer considered 
as deserving of serious attention. 

A few years later Professor Forves commenced his researches 
among the Alpine glaciers. His ‘Travels through the Alps’ 
was published in 1843, and contained a greater amount of well- 
arranged information respecting glacial phenomena than perhaps all 
other works together on that subject. But in this lecture, Mr. Hop- 
kins remarked, he professed to deal with theories, and not with de- 
scriptive details. M. Agassiz’s second work on glaciers, his Systeme 
Glaciere, also appeared in 1847. Professor Forbes introduced a new 
view of the motion of glaciers, which he attributes to a certain fa- 
cility with which he supposes glacial ice to be capable of changing 
its form under the pressures to which it is subjected, in a manner 
similar to that in which a viscous mass would change its form under 
the same circumstances. Hence it was called the viscous theory. 
It was founded on the fact (distinctly ascertained, Mr. Hopkins be- 
lieved, the same year, both by Agassiz on the glacier of the Aar, 
and by Prof. Forbes on the Mer de Glace) that the central portions 
of a glacier moved considerably faster than its lateral portions, as a 
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viscous mass would move along a trough inclined at a small angle 
to the horizon ; and, moreover, it was obvious that the general mass 
of a glacier did so change its form as to accommodate itself to the 
changing dimensions of the valley down which it moved. 

On the other hand, it was contended that a substance so hard and 
brittle as glacial ice could not be said to have the property of visco- 
sity, and that the different velocities of the central and lateral por- 
tions of a glacier, and the changes of form which the general mass 
might undergo, were more attributable to the formation of crevasses 
and to discontinuous ruptures of the mass, than to any continuous 
change of form in each infinitesimal portion of it, like that which 
takes place in a mass which can be properly termed viscous. ‘That 
this view was partly true was obvious, since ruptures and crevasses 
were actually formed by the unequal motions of different portions of 
the mass. Those who maintained this latter view held that the 
glacier moved by actually s/iding over its bed; while those who sup- 
ported the viscous theory contended that there was no such sliding 
motion, or if it existed at all, it constituted but a small part of the 
whole observed progressive motion of the surface of the glacier. 

In the warmth of discussion these theories came to be considered 
as more antagonistic than they really were. It was manifestly 
possible that the lower surface of the glacier might s/ide, and thus 
cause a part of the observed motion of the upper surface; which 
might also have an additional motion, due to the more rapid pro- 
gression of the upper portions of the mass as compared with that of 
its lower portions retarded by friction, as in the case of a semifluid 
mass. On this point Mr. Hopkins quoted the following passage 
from one of his letters ‘On the Mechanism of Glacial Motion,” ad- 
dressed to the editors of the Philosophical Magazine in 1844-45. If 
observations ‘should concur in showing an approximate equality in 
the motions of the upper and lower surfaces of a glacier, every candid 
and impartial mind must admit, I conceive, the sliding in preference 
to the viscous theory; but if, on the contrary, it should be proved 
that the velocity of the upper bears a large ratio to that of the lower 
surface, the claims of the latter theory must be at once admitted.” 
Since this was written, several observations had been made by dif- 
ferent persons, which agreed in showing that the upper surface of a 
glacier does move faster than the lower surface ; but the only obser- 
vations Mr. Hopkins had met with which enable us to compare the 
actual amounts of those motions, had been made by Prof. Forbes 
himself near the extremity, Mr. Hopkins believed, of one of the gla- 
ciers at Chamouni. The result was that the upper surface moved 
about twice as fast as the lower one, thus proving that in this in- 
stance the motion of the upper surface was due in nearly equal de- 
grees to the two causes above mentioned, and that both theories 
had so far equal claims to be admitted. 

But at present no one probably doubts the fact of the whole mo- 
tion of a glacier being made up of that motion which it derives from 
the property which has been hitherto usually designated as the vis- 
cosity or plasticity of its mass, and that which consists of a sliding 
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over its bed. Dr. Tyndall has recently observed proof of this latter 
motion in various parts of glaciers as well as near their lower extre+ 
mities ; and all the phenomena of polished and striated rocks indi- 
cate most clearly that such motion must have existed in the ancient 
glaciers to which such phenomena are referred. But how was it 
conceivable that a glacier should thus s/ide over a surface on which 
there must be many and considerable inequalities, and at inclinations 
sometimes not exceeding 2° or 3°? And if it did thus slide, how 
was it that it did not move, as bodies ordinarily move down inclined 
planes, with an accelerated motion? These questions were frequently 
dwelt upon formerly. They were completely answered by the expe- 
riments made by Mr. Hopkins, and described by him in the ‘ Trans- 
actions’ of this Society in 1844 (vol. viii. part 1), and in his first 
letter ‘On the Motion of Glaciers,” dated November 19 of that 
year, and inserted in the Philosophical Magazine. The motion in 
question was not at all analogous to that of a body descending down 
an inclined plane and retarded by friction as a constant force; it 
was due to the fact of the cohesion of the constituent particles of the 
mass at its lower surface being insufficient to resist the tendency of 
such an enormous weight of ice to descend down a plane even of 
very small inclination. A continuous disintegration is thus pro- 
duced, promoted probably, in a greater or less degree, by a constant 
but very gradual thawing of the ice at the lower surface. In this 
manner it is easy to see that the motion must depend on the rate of 
disintegration, and therefore must be nearly a uniform, and not an 
accelerated motion. 

Professor Forbes had an undoubted claim to the credit of being 
the first to suggest and insist upon the capability of the general mass 
of a glacier to change its form under existing conditions, as a cause 
of glacial motion. ‘The above explanation of the sliding of the mass 
Mr. Hopkins claimed for himself. 

Still it was felt that further investigation was required respecting 
the property of glacial ice which had been designated as its viscosity. 
There was no conclusive evidence that glacial ice would bear any 
considerable extension without breaking, for numberless crevasses 
were formed wherever the ice appeared to be subjected to any great 
extending force. Again, it was equally certain that the contiguous 
portions of a dislocated glacial mass, though retaining their perfect 
solidity, did become reunited into one continuous and unbroken 
mass. ‘These facts were not sufficiently explained by the assertion 
that glacial ice was viscous. The true explanation appeared to 
have been afforded by an observation made some time ago by Dr. 
Faraday, and the more recent experiments of Dr. Tyndall. The 
former observed that two pieces of ice in perfect contact would 

_ freeze together so as to become one perfectly continuous mass, 
though the surrounding temperature should be much higher than 
32°; and the latter gentleman had shown, by a striking form of the 
experiment, the extreme facility and rapidity with which a piece of 
common ice, after being crushed and broken into numberless frag- 
ments, will reunite into one continuous mass of transparent ice. 
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This process had been designated by the term “ regelation;’’ and 
manifestly some corresponding term was required to designate the 
property which, in ice, rendered that process so complete. Such 
terms as viscous and plastic failed to express adequately the property 
in question. At the same time it should be remarked that, so far as 
glacial motion depended on the facility with which the glacial mass 
might change its form, the manner in which that change was effected 
was of secondary importance, and did not diminish whatever value 
attached to Professor Forbes’s first recognition of this change as an 
important cause of glacial motion. In one respect, however, the 
mechanism of the motion would be in some measure affected. Dr. 
Tyndall contends, and in a paper recently presented to the Royal 
Society has collected a considerable amount of evidence to show, 
that glacial ice would bear no more linear extension, independently 
of lateral compression, than ordinary specimens of ice would lead us 
to suppose, and consequently, when acted on by extending forces, it 
cracked, forming fissures and crevasses to a much greater extent 
than would seem consistent with any property to which the term 
viscous could be applied with strict propriety. 

Professor Forbes was also the first to make known to us, by 
systematic and well-directed observations, the facts and laws of the 
veined structure in glacial ice. He also entered into elaborate specu- 
lations on the causes which produced this structure, both in his 
‘Travels in the Alps,’ and in letters written subsequently. Dr. 
Tyndall has also put forward a theory suggested by an analogy be- 
tween the veined structure of ice and the lamination of rocks. As 
there appeared to have been some confusion as to the differences 
between these two theories, Mr. Hopkins would endeavour, as far 
as he was able, to explain them. 

Both these theories depended primarily on the internal tensions 
and pressures to which the glacial mass might be subjected. The 
different parts of a glacier, as was well known, move with different 
velocities, the most general law being that the central move faster 
than the lateral portions; but whatever may lead to this unequable 
motion, its manifest result’ must be a tendency to drag the slower 
moving portions of the ice after those which move more quickly. 
Moreover, it was easy to see that, in certain directions, this drag- 
ging might be greater on one portion of the ice than on a contiguous 
portion, and might thus tend to give different motions to contiguous 
vertical slices of the mass. This difference of motion, or differential 
motion, was supposed by Professor Forbes to actually exist, and that 
ruptures or breaches of continuity were absolutely produced between 
these vertical thin slices of ice by the strain upon them, and that 
these ruptures gave rise to the veined structure. His first idea ap- 
peared to have been that water infiltrated into the small fissures thus 
formed, where it afterwards froze and formed the veins of blue trans- 
parent ice, while the intermediate vertical laminz contained a suffi- 
cient quantity of air-bubbles to render them white and opake. This 
notion of infiltration appeared to have been subsequently given up by 
the Professor, the conyersion of the opake into transparent ice being 
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supposed to take place by pressure and differential motion, indepen- 
dently, as far as Mr. Hopkins understood, either of infiltration or 
melting of any portions of the ice. 

Both Professor Forbes and Dr. Tyndall had endeavoured to eluci- 
date the phenomena of glacial motion by means of a semifluid sub- 
stance descending down a trough inclined to the horizon. For the 
purpose of ascertaining the direction of greatest extension and com- 
pression of the substance when thus put in motion, the latter gen- 
tleman described circles on its surface while still at rest, and ob- 
served the compressions and extensions of the radii when the mass 
was in motion. He thus found that the lines of greatest extension 
were inclined at angles of 45° to the axis of the trough ; each such 
line pointing centrally and downwards, or laterally and upwards, 
while the lines of greatest compression were perpendicular to them. 
In the case of a glacier descending a canal-shaped valley, the former 
of these directions would manifestly be that of greatest tension; 
and this is precisely the result which Mr. Hopkins had obtained both 
by exact mechanical reasoning and by experiment fifteen years ago ; 
and it was thus that he was able to explain (and he was the first to 
do so) the formation of crevasses making angles of 45° with the axis 
of the glacier, and directed centrally and upwards, i. e. at right 
angles to the lines of greatest tension. There was also another 
result to which Mr. Hopkins was led by an exact consideration of 
the problem, but which he had also elucidated by experiments, as 
described in the letters above alluded to in the Philosophical Maga- 
zine. ‘There were not only directions of maximum and minimum 
pressures and tensions at each point of the mass, there were also 
two other directions inclined at 45° to the former, not recognized by 
either of the above-mentioned experimenters, in which there is a 
maximum tendency to produce the differential motion, to which Prof. 
Forbes ascribed an actual rupturing of the ice and consequent forma- 
tion of the veined structure. In the directions of maximum and 
minimum pressures or tensions, this tendency to produce a differ- 
ential motion altogether vanished. The truth of these results was 
just as certain as that of the parallelogram of forces. In more com- 
plicated cases than that above supposed of a glacier descending 
down a canal-shaped valley, the absolute directions of these differ- 
ent lines would vary with the conditions of the glacial mass, and the 
external pressures to which it was subjected ; but the important fact 
was, that there must in all cases exist at each point of the mass a 
direction of maximum tension or of minimum pressure, and a direction, 
perpendicular to it, of minimum tension or maximum pressure, and two 
other directions inclined to each of the former at 45°, along which 
there is a maximum tendency to produce the kind of differential 
motion above described. It was moreover manifest that where 
crevasses were formed there must be tension; and equally manifest 
that the directions of such crevasses must at least approximate to 
perpendicularity with the directions of maximum tension, and therefore 
to coincidence with those of maximum pressure. Also, if discontinui- 
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ties and differential motions resulted from these internal pressures 
and tensions, they must be produced in those directions in which 
there is the maximum tendency to produce them, ¢. e. in directions 
inclined at 45° to those of the crevasses. All these directions might 
be supposed to be (as they would generally be in a glacier) nearly 
horizontal. These conclusions, Mr. Hopkins repeated, were as cer- 
tain as that of the parallelogram of forces, and no theory which con- 
tradicted them could possibly be true. 

Professor Forbes was the first to recognize the law which esta- 
blishes a certain relation between the veined structure and the cre- 
vasses. He asserts that, as a matter of observation, the crevasses 
intersect the structure at right angles; consequently the blue veins 
must be perpendicular to the directions of maximum pressure, and 
could not coincide (such being the law) with the directions in which 
differential motion must necessarily take place, if it should take place 
at all. The law above enunciated exactly accorded with the conclu- 
sions above stated, and also with Dr. Tyndall’s views, who asserts, 
from his own observations, that the laminee of blue and white ice 
(and especially in those places in which the structure originates) 
conform to the law of perpendicularity to the direction of greatest 
pressure. So far from there being any tendency to produce ruptures 
and fissures lying in the planes of the laminz in these positions, 
they were the only positions entirely free from such tendency. And 
hence it became so difficult to conceive how the laminated structure 
could possibly originate in actual discontinuities such as those to 
which Professor Forbes had ascribed them, whether we suppose the 
blue laminze to be produced by subsequent infiltration or any other 
process. 

According to Dr, 'Tyndall’s views, the law stated in the preceding 
paragraph was an essential consequence of physical causes, to which 
the production of the laminz was referred. He had shown, experi- 
mentally, that if a piece of ordinary ice be subjected to direct pres- 
sure, it will melt along fine lenticular laminw perpendicular to the 
direction of the pressure. A similar process is supposed to take 
place in the névé, or in any part of the glacier where the structural 
lamine originate. Professor W. Thomson had offered an explana- 
tion of this phenomenon on thermal principles. It had been shown 
by himself and his brother that the melting temperature of ice is 
lowered by compression. Now if, in Dr. ‘T'yndall’s experiment, the 
ice were a perfectly homogeneous substance, every portion would 
be equally compressed; and if the uncompressed mass were only 
just above the melting temperature, the whole would melt under the 
compressing force. But no substance is perfectly homogeneous ; 
and consequently the internal pressures in the experiment would 
not be perfectly equable; and those portions of the ice which were 
subjected to the greatest pressure would melt the soonest, and pro- 
duce the aqueous laminz above mentioned in the experiment, or the 
laminz of blue ice in the glacier. In the latter case the laminar 
portions must first be supposed to melt, the air-bubbles to escape, 
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and the water subsequently to be refrozen to form the blue transpa- 
rent lamine. 

Mr. Hopkins did not profess to maintain the entire adequacy of 
the above explanation of the formation of the laminated structure, 
though he could not but feel persuaded that it was founded in truth. 
It seemed to explain very satisfactorily the conversion of névé, or opake 
white ice, into transparent blue ice; but he did not well understand 
how transparent consolidated ice could be converted by pressure 
into white opake ice. But still, at the bottom of an ice-fall, as that 
of the glacier of the Rhone, the broken fragments were again united 
into a continuous mass, and the laminated structure was reproduced 
on a type entirely new, and conformable to the altered conditions of 
the mass; and, assuming a large portion of the ice descending the 
fall to be in a sufficiently consolidated state, the process of recon- 
struction must consist as much in the conversion of blue ice into 
white, as of white ice into blue. Mr. Hopkins was not aware 
whether this difficulty had been previously started, or, if so, what 
answer had been made to it. His object was more especially to 
point out the essential distinctions between Professor Forbes’s and 
Dr. Tyndall’s theories respecting the laminar structure. A disposi- 
tion had recently manifested itself to confound the two theories, 
whereas they were so fundamentally different, that the physical rea- 
soning essentially involved in the one was totally inapplicable to 
the other. The differences were such as could not be ignored, 
if we would hope to arrive at a complete and final view of the 
subject. 

The remarks in this lecture, Mr. Hopkins said, had been made 
with a sincere desire of eliciting the truth, and notin the mere spirit 
of advocacy of preconceived opinions ; nor would it, he conceived, be 
inconsistent with this assertion if, in conclusion, he reminded those 
who were interested in the subject, that though his own investiga- 
tions nearly fifteen years ago respecting the internal pressures and 
tensions of glacial masses were little noticed then, and had been little 
mentioned more recently, no one had ever attempted to refute them ; 
and now, on the contrary, all those observations and experiments of 
Dr. Tyndall which related to this part of the subject, and were at 
present generally received, were entirely confirmative of them. The 
nature of the reasoning which has now been applied to the subject, 
whether founded on analogies with certain phenomena of lamina- 
tion, or on thermal principles, clearly proved the necessity of more 
accurate conceptions of these internal pressures and tensions than 
could ever be acquired from elucidatory experiments. 


May 30,—‘ On the Occultation of Saturn by the Moon on May 8, 
1859.” By Professor Challis. 

In observing this occultation, Professor Challis was prepared to 
take especial notice of the occurrence of any phenomenon like that 
witnessed at the occultation of Jupiter on January 2, 1857, on which 
occasion the disc of the planet at emergence was seen to be traversed 
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by a dark band contiguous to the moon’slimb. No such appearance 
was visible in this instance. The circumstances of the reappearance 
of Saturn at the moon’s bright limb on May 8, were very similar to 
those of the reappearance of Jupiter, excepting that there was no 
depression of the limb where Saturn reappeared such as that which 
was noticed at the place of Jupiter’s reappearance. ‘The comparison 
of the two occultations seems, therefore, to indicate that the pheno- 
menon seen in the case of Jupiter was in some way connected with 
the indented form of the moon’s limb. 


XLVIII. Intelligence and Miscellaneous Articles. 


DENSITY OF STEAM. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 
HE first to deduce, from the principles of thermodynamics, a law 
of relation between the temperature, pressure, density, and latent 
heat of vapours, was Professor Clausius, in Poggendorff’s Annalen 
for 1850. 

By combining an equation substantially identical with that of 
Professor Clausius, with a formula expressing the relation between 
the pressure and boiling-point of a vapour, a formula is obtained 
for computing the density of a vapour from its latent heat, and the 
rate of increase of its pressure with elevation of the boiling-point; 
as to which see the Philosophical Transactions for 1854, part 1, and 
the Number of this Magazine for December 1854. 

In the absence of direct experimental data as to the density of 
steam, I used that formula to compute tables of that density for 
practical use, which were first published to the extent of a few 
copies in 1855, and have since been revised and reprinted. 

On the 20th of September, 1859, the results of the first series of 
experiments by Mr. Fairbairn and Mr. Tate, on the density of steam, 
were laid before the British Association. So far as I am aware, this 
is the first series of experiments on the absolute density of steam at 
high pressures that has ever appeared ; the experiment of M. Adolphe 
Hirn having been a detached one, and those of M. Siemens having 
reference to the rate of expansion of steam rather than to its abso- 
lute density. 

The following Table shows a comparison between the results of 
the formula already mentioned, and those of Messrs. Fairbairn and 


Tate’s experiments. The differences range from = to = of the 


quantities compared, and are all in one direction, the theoretical vo- 
lumes being the greater. But this may probably be accounted for by 
a difference in the value assumed for the density of water; for in the 
theoretical calculation, the unit of volume is the volume assumed by 
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one pound of water at 39°°1 Fahr., its temperature of greatest den- 
sity; whcreas it is possible that, in the statement of the experimental 
results, the volume of the steam may have been compared with that 
of water at a higher temperature. 


Ratio of volume of steam to volume of water. 


Temperature Fahr. By theory. By experiment. Difference. 


Gambier civ deta 936 896 +40 
ee fh tf 920 890 30 
ads ees si Ltigge 751 5 
apis Hoa. e 698 684 14 
Bramicen at 848 P 635 633 2 
270 ‘ 616 604 12 
es epee Eee 506 490 16 


I am, Gentlemen, 
Your most obedient Servant, 
Glasgow, September 24, 1859. W.J. Macquorn RankIveE. 


ARSENIC IN PYRITES. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 


In the August Number of your valuable periodical, I see an 
article by Professor Davy ‘‘ On the Presence of Arsenic in some 
Artificial Manures, and its absorption by Plants grown with such 
Manures,” which has an important bearing on the question of sul- 
phur v. pyrites in the manufacture of sulphuric acid, to the prejudice 
of the latter, too conclusively, as I will endeavour to show. 

There is nothing new in the statement that plants are capable of 
absorbing arsenic from artificial manures, nor that the sulphuric acid 
used in their preparation when made from pyrites commonly con- 
tains arsenic; and hence it is common in the chemical market for 
buyers of superphosphate to stipulate that it shall be made with 
vitriol prepared from sulphur. 

All pyrites, however, does not contain arsenic. Until the price of 
sulphur was so much advanced, which has enormously increased the 
demand for pyrites, the manufacturers of vitriol depended upon the 
United Kingdom for their supplies, and Cornwall and Wicklow fur- 
nished the chief portion, in which arsenic was invariably met with. 
Large importations have, however, arrived from foreign countries of 
a different character, and some of them contain no arsenic at all. 
In particular that which has come from Belgium, exported by the 
“ Belgian Pyrites Company of Antwerp,” has been repeatedly tested 
for arsenic by different operative chemists, without ever showing a 
trace ; it is nodular, with crystalline fracture, and very rich in sul- 
phur, generally testing from 48 to 50 per cent. Spain has also fur- 
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nished large quantities of pyrites, which I believe also to be free 
from arsenic; but of this I cannot speak so positively. It would be 
an interesting subject of investigation at the present time, and 
very important as bearing upon the question discussed by Pro- 
fessor Davy, what ores of sulphur do, and what do not contain 
arsenic. 

The Professor states that an inferior kind of brown acid is manu- 
factured for manure purposes ; whereas all sulphuric acid as it comes 
from the chambers is brown, whether made from brimstone or pyrites. 
The colourless acid is produced by distillation from either, in order 
to concentrate it. As, however, this process increases its cost with- 
out improving its quality for many purposes, it is in such cases dis- 
pensed with, and used either as it comes from the chambers, or 
slightly concentrated by evaporation in open leaden pans at a low 
heat, and is always brown. The colour, therefore, is no criterion of 
its quality, except as to its per-centage of real acid. 

. Henry ScHOLEFIELD. 

Neweastle-upon-Tyne, 

September 19, 1859. 


ON THE OCCURRENCE OF GOLD. BY DR. F. A. GENTH. 


Much has been said and written about the occurrence of gold in 
veins and elsewhere, and the formation of the same ; but, comparing 
the different theories with some very important facts, we are often 
at a loss to explain the latter satisfactorily, and it seems to me that 
we know but very little about this difficult subject. Without any 
intention to discuss the merits of the different theories, I will give 
in the following a few data which may help to throw some light on 
this question. 

Gold is frequently found in diorite (in smaller quantities in syenite 
and granite); and although it is only rarely observed in the massive 
rocks, I have seen specimens from Honduras, C. A., where it was 
imbedded in the diorite without any other association. The result 
of the complete decomposition of the diorite is generally a red 
clayish soil, and this has in the gold region of North Carolina, &c. 
a high reputation for its richness in gold. It was in the diorite 
region of Cabarrus County, N. C., where the first large piece of gold 
was found, weighing twenty-eight pounds. All this soil is more or 
less auriferous, but containing the gold somewhat concentrated, 
nearly in the same ratio in which the lighter particles have been 
washed away. But not in this country only has the diorite been 
found to be auriferous, as is proved by the large piece of eighty-six 
pounds which was found at Alexandrowsk near Miask in Siberia, 
9 feet below the surface, in diorite. 

The gold obtained from the disintegrated diorite is generally 
smooth and rounded, as if it were water-worn. This cannot be, how- 
ever, because it lies still in its original, but only altered matrix, and 
has not been subjected to any attrition by water and sand ; besides, 
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if we observe any cavities in such gold, we find the sharp edges of 
crystals, &c. in the same rounded in a similar manner, just as if 
the whole piece had been subjected to the action of acids, which in 
reality seems to have been the case. I believe that this is the most 
natural explanation, because it tells us at the same time to what 
source we must trace the gold which we find in the veins passing 
through these formations. 

The greatest difficulty presents itself on inquiring into the nature 
of the solvent. I do not believe it is very probable that the gold 
has been carried off as a silicate of gold, or by the action of hydro- 
chloric acid upon the sulphide. What seems to me most reasonable, 
is that it was dissolved as terchloride of gold. If we remember that 
the decomposition of pyrites, one of the most common accessory 
constituents of diorite, produces sulphuric acid, which, in the 
presence of the never-wanting chloride of sodium and a higher 
oxide of manganese, may liberate small quantities of chlorine, the 
most powerful solvent of gold, we have at least a very plausible 
explanation, 

After penetrating the decomposed diorite, the solution of gold, 
passing down the veins, comes in contact with reducing agents and 
is reprecipitated again, frequently in crystals or crystalline forms. 
I shall, below, make a few remarks about the substances which 
precipitate the gold, in veins as well as in beds. 

An almost positive proof that the gold in the veins of the diorite 
formation originates from the adjoining rocks, is the fact that the 
deeper the diorite is decomposed, the deeper the gold is found in 
the veins, Many of these veins do not contain any gold at 50 
feet depth; and I have known veins which were rich near the surface 
not to contain a trace of gold at 35 feet depth. Very few of 
these veins (if not on high hills) carry any gold below 120 feet 
depth. 

‘The occurrence of gold in beds in the metamorphic slates at great 
depth can be far more relied upon: Gold Hill, in Rowan Co., N. C., 
for instance, is over 600 feet deep, and the ore as rich as ever. 
Although it cannot be denied that the greater portion of the gold 
in such deposits is as old as the stratum itself in which it occurs, 
it is certain that inside of such auriferous strata constant changes 
are going on—gold dissolved and reprecipitated. We could not 
account for the crystalline structure of most of the gold in such beds, 
if we did not presume that the freshly precipitated gold deposits 
frequently upon that already present. 

The description of a few specimens in my collection may be 
interesting; for they prove that the gold must have been in 
solution. 

a. From Whitehall, Spotsylvania Co. Va.,—shows gold asso- 
ciated with tetradymite, limonite, and quartz. The gold is ery- 
stallized in forms belonging to the rhombohedral system, and showing 
very distinctly one rhombohedron, scalenohedron and basal plan ; 
it is coating tetradymite, and is evidently a pseudomorph of it. I 
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have seen other specimens from the same locality, but of inferior 
value and beauty. 

6. The tetradymite from the Tellurium Mine, Fluvanna Co. Va., 
and the native bismuth from the Peak of the Soratoin Bolivia, 8. A., 
are frequently interlaminated with gold. 

I have made some experiments with a solution of terchloride of 
gold and tetradymite, and found that the latter precipitates the 
gold from a dilute solution easily with a smooth and brilliant 
surface. 

c. In the upper portion of the ore-bed in the metamorphic slates 
at Springfield, Carroll County, Md., which, near the surface, consists 
of magnetite and at a greater depth of chalcopyrite and other ores, 
films of native gold have sometimes been observed coating the 
cleavage-planes of magnetite. On close examination, it can be 
perceived that below the film of gold the magnetite is oxidized into 
hydrated sesquioxide of iron. 

d. A very striking occurrence of native gold is that where it is 
associated with pyrites. Most of the pyritous gold ores are too poor 
for us to form a positive opinion about the form in which they con- 
tain the gold, from observation; and many authors are of opinion 
that the gold may exist in the form of a sulphide, either by itself or 
as a sulphosalt. If we take it for granted that the pyrites itself is 
the result of the reduction of iron-salts, and bear in mind that pro- 
tosalts of iron reduce gold instantaneously, we cannot adopt this 
opinion. But even if terchloride of gold should have been precipi- 
tated by hydrosulphuric acid whilst passing through the vein, it 
could not remain in that state for a long time, because moist ter- 
sulphide of gold in the presence of the smallest trace of an acid is 
easily decomposed into metallic gold and sulphuric acid. Some 
specimens of auriferous albite from Wiater’s vein, Calaveras County, 
California, show beautifully that wherever there is a crystal of 
pyrites, small crystals of gold are attached to it, demonstrating 
that the sulphate of iron precipitated the gold previous to its own 
reduction into pyrites. 

All these facts prove that the gold is carried into the veins from 

the adjoining rocks, and that the opinion which considers veins the 
source of the gold of alluvial and diluvial deposits and the soil is 
erroneous. 
_ If another proof were wanted to show the fallacy of this idea, it 
would be the fact that the gold from the soil or alluvial and diluvial 
deposits has rarely the same fineness as that from the veins wrought 
in the immediate neighbourhood of the same—the latter being 
generally less fine. It is impossible therefore that the destruction 
of a portion of these veins could have furnished the gold of such 
deposits.—American Journal of Science and Arts, vol. xxviii. Sept. 
1859, 
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XLIX. A Mathematical Theory of Attractive Forces. 
By Professor CHatiis*, 


r a theory of physical forces which I have proposed in 

several preceding communications rests entirely on the 
solution of a hydrodynamical problem, which may be thus enun- 
ciated :—To find the result of the dynamical action of a series of 
waves of an elastic medium which presses proportionally to its 
density, on a small and perfectly smooth sphere, free to obey any 
impulses communicated to it. In the course of the explanation 
of a mathematical theory of the force of heat, given in the Num- 
ber of the Philosophical Magazine for last March, I have adduced 
reasons for concluding that the small sphere might receive a 
permanent motion of translation, by the effect of the part of the 
pressure which depends on the square of the velocity of the 
vibrating particles of the medium. The case more particularly 
considered was that in which the action of the waves is mainly 
on that half of the surface of the sphere on which they are im- 
mediately incident, in which case, as was shown, the motion of 
translation would take place in the direction of the propagation 
of the waves. It is clear that such a distribution of the pressure 
may exist when the breadth of the waves and the maximum 
velocity of vibration are so small that the whole extent of the 
vibration of a given particle is very small compared to the dia- 
meter of the sphere; for in that case the lateral spreading of 
the waves, on being propagated beyond the first half of the sphe- 
rical surface, may be so feeble as to disturb only to a small extent 
the fluid in contact with the other half. In the theory of heat 


* Communicated by the Author. 


Phil. Mag. 8.4, Vol. 18, No, 121, Nov, 1859. > 


322 Prof. Challis on a Mathematical Theory 


above referred to, the caloric repulsion of the individual atoms 
of substances is ascribed to the dynamical action of this class of 
waves. ; 

When, however, the excursions of the vibrating particles of the 
fluid are large compared to the diameter of the sphere, it is con- 
ceivable that the condensations and rarefactions on the second 
half of its surface may, by the propagation of the momentum, 
become equal to, and even exceed, those on the first, and that 
the sphere may receive a permanent motion of translation towards 
the origin from which the waves are propagated. 

It would seem, therefore, that the general solution of the pro- 
blem above enunciated would give the means of forming at once 
a theory of forces both attractive and repulsive. It is not, how- 
ever, my intention at present to attempt to solve the problem 
generally, my object being rather to inquire under what circum- 
stances and in what manner a permanent motion of translation 
of the sphere may take place in the direction contrary to that of 
the propagation of the waves. With this view I propose to dis- 
cuss separately several hydrodynamical questions, the answers to 
which will perhaps give a more distinct idea of the dynamical 
action by which such a motion may be produced, than could be 
obtained by treating the subject more generally. The solution 
thus arrived at will, however, be subsequently shown to be con- 
sistent with the general hydrodynamical equations. 

It is right to premise that in the following investigations I 
take for granted, as already proved, the law of axes of rectilinear 
propagation of vibratory motion which I have recently applied in 
the explanation of certain phenomena of light. In consequence 
of this law, any vibratory impulse communicated to the fluid is 
rectilinearly propagated till its course is diverted by the reaction 
of some solid obstacle. Such rectilinear propagation is entirely 
compatible with curvilinear motion of a given particle. In the 
case of a stream of uniform density, the motion may be consi- 
dered to be that to which vibratory motion approximates in pro- 
portion as d, the breadth of the waves, is increased, and therefore 
to be subject to the same law of rectilinear transmission. 

Prosiem I. To find the relation between the condensation (c) 
and velocity (V) in a series of plane-waves propagated in a given 
direction, terms containing the square of the velocity being in- 
cluded. 

According to principles which I have already on several occa- 
sions explained, the plane-waves must be regarded as compounded 
of an unlimited number of ray-undulations, in the same phase of 
vibration, and having their axes all parallel to the direction of 
the propagation of the waves. The effect of this composition, 
which destroys the motions transverse to the axes, is taken into 
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account by merely substituting «a for a in the usual investigation 
of the equations applicable to this case of motion, xa being the 
rate of propagation. Hence the solution of the proposed pro- 
blem is given by the known equations, 


ye 
Ka? Nap. log p+ - ¥=0, 
db _ p _ 
a5 = ihe oar i SANE 


it being supposed that V=0 where p=1. Hence putting 1+¢ 
for p, and expanding to terms of the second order, 


2 2 

ea*(o— o)—«aV + “= st)! 
Thus to the first approximation xac=V. Consequently, by sub- 
stituting this value of V in the last term, the terms of the second 
order disappear, and the relation between o and V to the second 
order of small quantities is still expressed by the same equation, 
V=kxac. 

This equation will accordingly be used in the subsequent in- 
vestigation of the dynamical action of the assumed series of waves, 
to small quantities of the second order. It may be remarked 
that, as these waves are supposed to be such as result from the 
mutual action of the parts of the fluid, there can be no perma- 
nent motion of translation ; and the expressions for V and are 
consequently periodic functions, having as many plus as minus 
values. I have, in fact, found by an @ priort investigation, given 
in the Philosophical Magazine for May 1849, expressions for 
these quantities of the following form :— 

m sin g(z—Kat +c) + Qm?cos 2q(z¢—xKat +c). 
It may also be observed that, so far as the dynamical action we 
propose to investigate depends on the square of the velocity, the 
second term of this expression is insignificant, because it gives 
rise, on squaring, to terms of a higher order than the second. 

Prosiem II. A smooth sphere fixed in position is submitted 
to the action of a uniform stream: it is required to find the 
pressure on its surface. 

In this case of motion, the velocity and condensation are con- 
stantly the same at the same point of space, and are therefore 
functions of coordinates only. Hence, taking the known equation, 

Q 
Ka?Nap. log p +(F ds + Xe =f(2); 
dt 2 
which is of perfectly general application so long as V is the total 
velocity of the fluid, and ds is the increment of a line drawn 
Y2 
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always in the direction of the motion, we shall have li and 


dt 
f(é) a constant which is given for a given line of motion. Thus 
the equation becomes 
2 
«a? Nap. log p+ 4 =C, 
Conceive a straight line to be drawn parallel to the direction of 
the stream through the centre of the sphere, cutting its surface 
in the points A and A’, and let the motion of the stream be in 
the direction from A to A’. Then it is evident that at these two 
points the velocity is zero, and that every line of motion along 
the surface of the sphere passes through them. Hence, since 
the above equation proves that the density is the same on the 
same line of motion wherever the velocity is the same, it follows 
that the density is the same at A’ as at A. Again, the motion 
of the fluid being by supposition small compared with xa the 
velocity of propagation, the velocity at any point P of the sur- 
face of the sphere may be assumed to be compounded of the 
velocity of the stream and the velocity impressed on the fluid by 
the reaction of the surface of the sphere. If the velocity of the 
stream be W, and the radius PC make an angle @ with CA, this 
impressed velocity is W cos @, the surface of the sphere being 
supposed to be perfectly smooth. Hence compounding this 
velocity with the velocity of the stream, the actual velocity of 
any particle in contact with the surface is Wsin@. At the 
points corresponding to @=90°, the velocity is the same as that 
of the stream, there being no reaction of the surface at these 
points. Consequently if p, be the density of the stream where 
it is undisturbed, we shall have 
y2 
xa? Nap. log p,+ ==) Ord 
and in general 
x*a? Nap. log Pe = cos? 0. 
Pi oi 
This equation gives the density and pressure at every point of 
the hemispherical surface on which the stream is directly inci- 
dent, and shows that there is a maximum of pressure at the 
point A. The pressure on the other half of the surface is deter- 
mined by the following considerations. 

A given particle of the fluid, setting out from A or its imme- 
diate neighbourhood, and moving in contact with the surface of 
the sphere, will acquire the velocity W on reaching a point B 
distant 90° from A, as may be thus shown :—Let v be the velo- 
city of the particle at any time. Then the force accelerating it 
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is = c being the radius of the sphere. But this force is also 
2 72 
equal to — aie which by the foregoing equation is equal to 
ty 
sin 6 cos @. 


. vdv=W? sin 6 cos 6 dé ; 
and by integration, 
0? = Wain? ae 


Hence v=W when @=90°. The velocity thus acquired is lost 
as the particle moves from B to A’, by reason of the continuous 
increase of density between these two points. And as the den- 
sity at A’ is the same as that at A, and the path from B to A! is 
of the same form and length as that from A to B, and is de- 
scribed in the same time, it is clear that the circumstances of the 
motion will be satisfied if the gradations of density are the same 
in the two cases, and the velocity of the particle in its whole 
course from A to A’ is Wsin@. On this supposition the state 
of the fluid as to density and velocity will be symmetrical with 
respect to a plane through the centre of the sphere perpendicular 
to the diameter AA’. That this is the case will appear more 
clearly from the solutions of the following problems. 

ProsieEM III. The sphere performs small oscillations in the 
fluid at rest, its centre moving in a given manner in a straight 
line: it is required to find the pressure on its surface. 

For my present purpose it is only necessary to consider the 
case of a sphere whose radius (ce) is extremely small compared 
to the breadth (2) of any undulation which it excites in the fluid. 
In this case it is sufficiently approximate to assume the velocity 
communicated by the sphere to the fluid to be the same as if the 
fluid were incompressible, as by this supposition the part of the 


velocity neglected is of the order of S x the part retained. Hence 


by the law of rectilinear transmission, if W be the velocity of the 
sphere, and @ be the angle which any radius makes with the 
line of motion of its centre, the velocity on the prolongation of 


‘ : . We? 
the radius at any distance r from the centre is 3 cos 0. 


From this expression it is next required to obtain the value of 
the partial differential coefficient of V with respect to ¢ for a given 
position in space. Now the point of space where the velocity is 
V being given, r and @ vary with the varying position of the 
sphere. Hence 


dV_aW ¢ 6 We*. Phd 2We? of 
. eer Pa Sts thas Parmer, cos ar 
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But it is readily seen from the geometrical conditions, that 
ae 
dt 


Hence, substituting im the general equation, 


=W ecos@ and a=W sin 0, 


2 
x°a? Nap. log p+ ‘a dr + = =f(i), 


integrating from r=c to 7 = an indefinitely large value, and 
supposing that p=1 at very great distances from the sphere, the 
following equation will be obtained :— 


2 
Ka? Nap. log p= ae cos 8+ = COS20., Ji ca eaten 
This equation gives the pressure at any point of the surface of 
the sphere, when W is a given function of the time. 

It appears by this result that the pressure, so far as it depends 
on terms of the second order, is the same at opposite points 
of the surface of the sphere. Consequently the oscillations of 
a small sphere in an elastic fluid are not affected by the pressures 
depending on terms of the second order. The pressure indicated 
by the term of the first order is the same with opposite signs at 
opposite points of the sphere. Hence if W be expressed by a 
periodic function, as msin dé, the resultant of all the pressures 
on the sphere will be a periodic pressure which vanishes when 
W is a maximum, and is greatest when W=0. 


If the sphere move uniformly in the fluid, an = 0, and the 


resultant pressure upon it is zero. Hence a very small sphere 
moving uniformly in a very elastic fluid, suffers no retardation, 
so far, at least, as terms to the second order indicate. This 
result I have employed (Phil. Mag. for May 1859), on the hy- 
pothesis that the constituent atoms of bodies are minute spheres, 
to account for the fact that the resistance of the ztherial medium 
to the motions of planets is of inappreciable magnitude. 

Prosiem IV. A series of waves defined by the equation 
W=xao are incident on a small sphere at rest: it is required 
to find the pressure at any point of its surface. 

The pressure on the half of the surface on which the waves are 
directly incident requires to be considered separately from the 
pressure indirectly produced on the other half. 

It will be supposed that the diameter of the sphere is extremely 
small compared to X the breadth of an undulation, and that 
the variations of velocity and condensation at a given instant, 
through a space equal to the sphere’s diameter, are so small that 
they may be neglected. Hence, W and o always representing 
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the velocity and condensation in a plane through the centre of 
the sphere perpendicular to the direction of the propagation of 
the waves, we shall have 
W=xac=mf(t). 
For reasons already given, the velocity which the reaction of the 
surface of the sphere impresses on the incident fluid will be 
W cos 6, and may be assumed without sensible error to be im- 
pressed as if the fluid were incompressible. Hence the velocity 
_ along the surface (V) is equal to W sin @, and the usual equation 
gives 
} 2 
Ka? Nap. log p+ \o sin 6. cd0+ = =f(i). 


Determining the arbitrary function so that p=p, where 0= a 
it will be found that 


2 42 o id _ dw Ae 2 
Ka seg ras sn c cos 6 +- a 098 Sean aebar ts 1.) 
Since there is no reaction of the sphere at points corresponding 
to d= 5 
equal tol+o. Hence, putting 1+s for p the density of the 
fluid in contact with the sphere, and having regard to the equa- 
tion W=xac, the following result is obtained :— 
(dw, W aM) ( OW 
Prati SE yg TSU. if weg l wk lene 
a(s—c)=|F + ay ecos6+3( W +778 qe 8 0. 
This equation gives the pressure on that half of the spherical 
surface on which the waves are incident. TI proceed next to in- 
vestigate an expression for the pressure on the other half. 
First, it may be remarked that if terms of the second order be 
omitted, the equations («) and (@) are identical, excepting that 


p, is the density of the incident wave, and is therefore 


the latter has in the place of p. Hence it may be inferred 


1 

that to this order of approximation the same pressure on the 
sphere is produced, whether the sphere move in fluid of a certain 
density at rest, or fluid of the same density be incident on the 
sphere at rest, the motions of the fluid and the sphere being in 
the two cases thesame. ‘This result is also deducible as follows. 
The pressure on the surface of a moving sphere having been de- 
termined by the solution of Problem III., conceive an equal and 
opposite motion to be impressed upon it and upon all the parts of 
the fluid at each instant. The sphere is thus reduced to rest, and 
the fluid is made to impinge upon it. But no dynamical action 
is produced between the sphere and the fluid by impressing the 
same velocities on both. Hence the pressure on the sphere is 
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in this case the same as that given by the solution of Problem IIL., 
at least to the first order of small quantities, But in the circum- 
stances of Problem IV., different parts of the fluid move with 
different velocities, the motion being accompanied by condensa- 
tion or rarefaction. As the excursions of the vibrating particles 
of the fluid are supposed to be very large compared with the 
diameter of the sphere, this difference of circumstance is taken 
into account with sufficient approximation by the factor p,, as is 
shown by the foregoing investigation, so far at least as relates to 
the hemispherical surface on which the waves are incident. With 
respect to the other part of the surface, other considerations have 
to be taken into account, as will appear from the following 
argument :— 

The value of a?(s—o) found above, determines completely the 
pressure on the surface immediately acted upon by the waves, 
because the velocity W sin @ along that surface is impressed at 
each instant by the waves themselves. But the disturbance of 
the fluid in contact with the*other hemisphere results, not from 
the direct action of the waves, but from the momentum of the 
fluid in the plane through the centre of the sphere perpendicular 
to the direction of their incidence. Now it may be asserted ge- 
nerally, that the sum of the pressures produced on the surface of 
the sphere in a given time is proportional to the sum of the mo- 
menta of the fluid which passes the above-mentioned plane in 
the same time. But if during the transit of the condensed por- 
tion of a wave across the plane the sum of the momenta be 
>.MW(1 +c), during the transit of the rarefied portion the sum 
of the momenta will be >. MW(1—o), taking effect in the con- 
trary direction. The former of these quantities exceeds the other 
by 22. M Wo), which varies as W®, because o varies asW. Hence 
there will be a residual pressure, varying as the square of the 
velocity of the fluid, and acting in the direction contrary to that 
of the propagation of the waves. This important inference ad- 
mits of the following more particular investigation. 

In the solution of Problem II., reasons were given for con- 
cluding that, in the case of a uniform stream, the velocity of the 
fluid in contact with the sphere is W sin @ for both hemispheres. 
In the case of incident waves, the velocity has this same value 
for the first hemisphere, and, from what has been argued above, 
approximately this value for the surface now under consideration. 
To obtain the complete value for the latter, it must be considered 
that the disturbance is propagated from the plane perpendicular 
to AA! through the centre of the sphere, and that the velocity at 
A' is zero. Hence, in consequence of the confluence of the lines 
of motion along the surface, there will be at this poit a partial 
reflexion of velocity, so much the greater as the curvature of the 
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surface is less. To the approximate value of the velocity a term 
must therefore be added, which vanishes if W be constant, and 


also at the points where 6=0 and 6= > These conditions are 


all satisfied by the following expression for the velocity, 


: aN. 
W sin 9—q.— sin @ cos 0, 
q being a small constant factor, always positive. 

Before proceeding further, this value will be shown to be con- 
sistent with the usual hydrodynamical equations. For this pur- 
pose it will suffice to limit the analysis to small terms of the first 
order. Taking then the equations 

dp , du dp . dv dp | dw 
2k ae 22 See OF. es a hace pee 
Sore Gah Cope dia pa 
dp _du dv , dw _ 
pdt * de® dy * de 
and putting, for the sake of brevity, 4? for «*a?, and P for Nap. 
log p, the following partial differential is readily obtained :— 
dP _ 32 a2? He oP a? = 
GE A Noda? apt dat ji 
Let us suppose that P=f(t). (2, y, z). Then 


smng=vpo (TE + 55458). 


The supposition is therefore allowable if we have also 


f"(t) + #fO=0, 
a being a certain constant. But the integral of this equation is 
f(t)=> .msin (at +c), which is precisely the form of the func- 
tion of ¢ which applies to the problem before us. For, accord- 
ing to this form, the condensation at every given point of space 
is expressed by a periodic function of the time, or by the sum of 
several periodic functions; and it is the dynamical action of 
vibrations admitting of such expression which is the object of 
the present investigation. Thus it will be required to integrate 


the equation 
Chi dh bi. 
alae ge te a 
Let P be any point of space the coordinates of which are referred 
to the centre C of the sphere, and let PC=r, and < PCA=9@. 
2 
a 


ae 


0, 


Then putting 4? for =, and transforming to polar coordinates, 
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we shall have 
a2 2 ; 
d?.rd A d Jo OTF cot 8) +H. =0. 


we et Na al 

Here it may be remarked that if the fluid be incompressible, 
k=0; and if it be highly elastic, like the medium through which 
light is transmitted, this quantity will be very small. Also, 
since, upon the axis of symmetry of the motion for which @=0, 
or 0@=7, the condensation must be a maximum or minimum, it 
follows that =0, and consequently = =0, for all points of 
this axis. Let, therefore, a =v sin 0, y being generally a 


function of 7 and 6. Then 


2 - 
Feb OF oot = OE sin 6+ 21 cos 0. 


Hence, differentiating the foregoing equation with respect to 0, 
and eliminating @, it will be found that 


2. 2 
on sin 6+ = oe sin + oO cos O—2yr sin 6) + Aapsin 0=0. (y) 


Now, according to a principle which I have already frequently 
enunciated, to obtain from such an equation as this definite 
laws of motion depending on the mutual action of the parts of 
the fluid, it is required to obtain from a general supposition, 
made without reference to a particular instance of motion, a defi- 
nite form of the function yy. For instance, suppose that yr con- 
tains r only. Then we have the equation 


which by integration gives a definite form of yy in accordance 
with that supposition. This equation, which cannot be exactly 
integrated, is satisfied, on account of the small value of k, to the 
degree of approximation with which the reasoning has hitherto 
been conducted, by the solution 


es Ge A sin (kr +c’). 


Let us now proceed to inquire whether this solution applies to 
the problem before us. 
In the first place, we have 
ae = sin (kr +c’) sin 0. 
Also P=f(t)$=$.=.msin (nt+e), because the function f is 
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periodic. Hence, putting V for the velocity perpendicular to r 
dV b:dP ss bd ‘ 
a — sae = 7 Fgg * em sin (nt +e) 


hb? . ; f 
=— 5 sin (kr-+c) sin 6.3. msin (nt+e). 
Consequently, by integration, 
so Ade otyal 2 
RD al Ry Sh 
? n 
the velocity being supposed to vanish where 7 is indefinitely 
great. Similarly, if U be the velocity in the direction of r, it will 
be found that 


aril esc ok 2 
nS Se ae — cos (nt +e). 


cos (nt+e), 


To employ these equations for finding expressions for the velo- 
city of fluid compelled to move in contact with the surface of a 
sphere, as supposed in the foregoing problems, it is only neces- 
sary to suppose 7 to be equal to the radius of the sphere. We 
thus get values of V and U identical with those resulting from 
the solutions of these problems, which values are thus proved to 
be consistent with the general hydrodynamical equations. 

It may here be remarked that the foregoing value of U varies 
inversely as the cube of 7, whereas it has hitherto been assumed 
that the velocity in the direction of a radius produced varies in- 
versely as the squareofr. To explain this apparent discrepancy, 
it is to be observed that the velocity obtained by the preceding 
investigation is exclusively that which is accompanied by con- 
densation. This will be shown hereafter: at present it suffices 
to state that the above values of V and U make Vrd0+Udr an 
exact differential. 

There is also another supposition by which a definite solution 
of the equation (y) may be obtained. Let = (r)cos@. Then 
the equation becomes 


mney “x +} Ra.)sin @ cos O=0, 


which being integrated, gives with sufficient approximation, 
v= sin (kr +c"). 
From this value may be obtained, by proceeding as above, 
| V= ata sin20.>. lh cos (nt +e), 


€ | > / Ly '},2 
U= ee bas 26.2. cos (nt +e’), 
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These values of V! and U! make V'rd@ + U'dr an exact differential. 
The value of V', applied to the motion of fluid in contact with a 
sphere, is of the same form with respect to 0, as the term added, in 
the previous part of the reasoning, to W sin @, to express com- 
pletely, to the first order of small quantities, the velocity of the 
fluid along the hemispherical surface opposite to that on which 
the waves are directly incident. That term is thus proved to be 
consistent with the hydrodynamical equations. I proceed now 
to deduce from the complete expression for the velocity the pres- 
sure on the surface. 
Resuming the value of V, viz. 


V=W sin 0—q aw sin A cos 6, 


in which W represents m sin (b¢+¢c), and g is a very small quan- 
tity, and substituting in the equation 


2 
Fe Nap. loc ps { wv ol-+ + =F), 


we have by integration, 


dw cq d?.W b he. 

2 Peay, eee) Sy) Se =—_—= 

b? Nap. log p CF cos 0+ Thee cos 26 + 5} F(d). 
Where 6= 3 V is equal to W, and p to p,. Hence 

2 SO MAY & ME 

b? Nap. log p, 4° dete ==E(2). 
Consequently, eliminating F(?), 

2 site: Wy ry 2) a iat RC nee 

b igh a aPaers 5 cos 8 2° de °° 0+ yy 


Expanding to terms of the second order, putting 1+s for p, and 
remembering that p,=1+o=1+ = the following result will 


be found :— 


dW on — £9.. 0 W 
dt °°" ~ 32° dP 


1 dW? c 
ae qe oo o( 5 —g?sin? 6) 


Cg. AWW. 2 c*q? X* 


c Ww? 
a*(s—o)= =a cos?6 + 23 cos? 8 


WwW dW "| ; 
+3 "098 (= +g sin 0) + 
i agioed., a am 
Qa de Qatx* dt d® “°° Sax? \de 
The terms in this equation, which are entirely periodic, may be 
omitted, having no application in the present inquiry; and for 
the sake of brevity, the terms involving q? will not be retained, 
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the factor g being, by the previous reasoning, a very small quan- 
, : We Ww 

tity. In fact, since —~ is of the order ~ , that the second term 


dt 
of the value of V may not be very large, g must be of the order 


of es Let, therefore, p be the pressure at any point of the first 


half of the surface, and p’ that at any point of the other half. 
Then the total resulting pressure on the former 

=2re* p sin 6 cos 6 d0 from 6=0 to O= * 
and that on the latter 


=2re* |p! sin 6 cos 0 d@ from @= 5 to d=r. 
Now, omitting periodic terms and terms inyolving g?, it has been 
found that 
iw? erin OWE 


— —_—_——_ 2 ——__— 2 
P > \Di2 * Dea? de ) cos g 


and 


pu (2 & dW cgW AWN: +s 6 
BF cz + 2a? d® ~ 2ae8° OP ) Shar 
Hence it will be seen, by executing the integrations indicated 


above, that the resultant pressure on the whole sphere, estimated 
in the direction of the incidence of the waves, is 


mcg d?W 
4an>* di? * 
9 
If we assume that W=msin (= +e), we shall have 
aw Aar?m?x?a? . 4 (27Kat 
and the non-periodic part of the pressure is 
mgam 
2KnN 


the negative sign indicating that it takes effect in the direction 
contrary to that of the propagation of the waves. This is the 
main result to which the investigation has been directed. It 
remains to clear up one point of the reasoning, to which allusion 
has already been made. 

It has been asserted that the partial differential equation, of 
which P is the principal variable, embraces only those parts of 
the velocity which are accompanied by condensation. This 
assertion admits of being supported as follows. As the fluid is 
compelled to move along the surface of the sphere, we may regard 
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the action of the sphere on the fluid to be the same as that of an 
attractive force tending to the centre of the sphere, and equal at 


NE eg 
the surface to ri. As also, by the law of continuity of mass, 
the fluid is compelled to fill space, the attractive force at any di- 
i WEBo at MS 
stance 7 from the centre is i . According to this view, the 


usual hydrodynamical equations will be 


bdP Vex du b7dP Vey | dv 0 
al att — =0, 


dee a a ae ae 
dP Vez | dw 
dz ne dt 


Now, whatever function of 0, that is of , we assume V to be, 


=(0, 


the same partial differential equation involving P, 2, y, z and ¢, 
will be found, namely that which has been used in the foregoing 
theory. Consequently that equation does not embrace velocities 
by which the fluid fills space apart from any change of density. 
For this reason I found that Vrd@+ Udr is an exact differential 
when that part of the velocity is excluded. And this result is 
in perfect accordance with an @ priori demonstration I have given 
in the Philosophical Magazine for May 1849, that udx + vdy + wdz 
is an exact differential for small vibrations of the fluid, the proof 
applying only to vibrations accompanied by condensations. 

I am now able distinctly to point out in what respect the fore- 
going investigation of the mutual action between a small sphere 
and an elastic fluid in which it vibrates, differs from that which, 
after Poisson, Professor Stokes has adopted in a memow “On 
some cases of Fluid Motion,” contained in vol. vii. part 1 of the 
Cambridge Philosophical Transactions. That solution rests upon 
the gratuitous supposition that wde+vdy+wdz is an exact dif- 
ferential for the ¢ofal velocity. The solution I have given shows 
that this quantity is not an exact differential when the whole of 
the velocity is taken into account; and upon this point I am 
able to pronounce definitively, because by making P the principal 
variable, I have conducted the reasoning independently of any 
supposition as to the integrability of that differential function. 

Having now shown that waves of large breadth may attract a 
small spherical body towards their origin, and having previously 
shown that waves of small breadth may repe/ such a body in the 
contrary direction, the main difficulty in forming a theory of 
attractive and repulsive forces seems to be overcome. I hope to 
be able to apply these results to the known physical forces. 


Cambridge Observatory, 
October 15, 1859. 
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L. On certain remarkable Laws relating to the Cohesion of Fluids. 
By T. Tats, Esq.* 


_ a small glass tube, closed at one extremity and filled with 

liquid, be inverted, the liquid will remain suspended by the 
pressure of the atmosphere, provided the cohesion of the particles 
of the liquid at the lower extremity remains unbroken ; but if 
the cohesion of these particles be broken, the liquid will be dis- 
charged from the tube with a velocity depending upon the dia- 
meter of the tube and its inclination to the horizon. From an 
extensive series of experiments with tubes varying from °3 inch 
diameter to ‘12 inch diameter, I have found that for all tubes 
within these limits, the minimum time of descent of the liquid 
takes place at, or very nearly at, 50 degrees inclination to the 
horizon. 

When the tube is held in a horizontal position, the liquid, 
from the combined action of cohesion and the lateral pressure of 
the liquid, assumes the form shown in the 
annexed diagram. Now when the tube 
is inclined to the horizon, this pressure 
approximately varies with the cosine of the angle of inclina- 
tion; but at the same time the tendency of the liquid to run 
down the plane varies with the sine of its inclination, so that, 
irrespective of the resistance of friction, the force accelerating 
the descent of the liquid will approximately vary in the com- 
pound ratio of these functions. Hence it follows that the mini- 
mum time of descent of the liquid must take place at an inclina- 
tion lying somewhere between the horizontal and vertical posi- 
tions of the tube. 

Let L = the length of the column of the liquid in the tube i 

inches. 
¢ = the time of descent of the liquid in seconds for each 
unit of length of the tube. 
TP = ¢~xL the time of descent of the whole column. 
@ = the corresponding inclination of the tube to the 
horizon. 
a, b = constants to be determined from the results of ex- 
periment. 
a, 8 = constant angles, also to be determined from the results 
of experiment. 


Then we assume 


— _ a — a : 
THX UH 2 (G— A) 008 (Oa) +? sin QO—a—A)raina—B) + 2-0) 


* Communicated by the Author. 
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This formula expresses the time of discharge of any liquid 
from a small closed tube at different angles of inclination @ to 
the horizon, « and 8 being small constants varying slightly with 
the section of the tube and the cohesive quality of the liquid. 

Here ¢ x Lwill be a minimum when sin(20—a—£) +sin (a—) 
is a maximum, or when sin (2@—a—) is a maximum; in this 
case 


re page ghar B bas, Sa geiyay 


which expresses the angle corresponding to the minimum time 
of descent of the liquid. 
When ¢xL=o, 0=£, which gives the limiting angle of 
resistance. : 
Let 6, be put for the angle of minimum time of discharge, 
6,+¢ and 0,—g for the angles of equal times of discharge ; then 
from equation (1) we get 


sin {2(0,+¢) —a—} =sin {2(8,—q,) —«—8} ; 
substituting the value of 6, given in equation (2), we get 


sin (90° + 2q) = sin (90°—29,) ; 
hence we obtain 


q=%3 


that is to say, the lines corresponding to equal times of discharge 
lie on opposite sides of the line corresponding to the minimum 
time of discharge, and are equally inclined to it. 

Putting T, for the observed time of’ descent at the angle 0, of 
minimum descent, T, for the observed time of descent at the 
angle of 90°, and for the observed limiting angle of resistance, 
then we find the following values of the constants in for- 
mula(1):— 


a+B=26,—90; «=26,—90—B; 


a= mo x {sin(#+) +sin(«—f)} x {1+sin(a—f)}; 
eka at 1+sin(#—£)’ 


The experiments hereafter recorded were made with the appa- 
ratus represented in the annexed diagram. 
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C ED is a quadrant of 
a circle fixed in a vertical 
plane, graduated into de- 
grees, and having the line 
CE in a horizontal posi- 
tion; AB isa graduated 
tube filled with liquid, 
closed at the upper ex- 
tremity B, and having 
its lower extremity, A, 
enlarged to enable the 
liquid to run out of the 
tube. The upper end of 
the tube being placed 
upon the centre, C, of 
the quadrant, the read- 
ing of the degrees on the 
are corresponding to the lower edge of the tube gives its incli- 
nation to the horizon. The times of descent of a given column 
of liquid were then observed for the various angles of inclination 
of the tube; and to give a greater precision to the observations, 
the times of descent of equal portions of the column were also 
duly observed. 

Before using the tubes, they were carefully cleaned, so that 
all portions of their interior surface might become thoroughly 
wet with the liquid. The presence of any substance calculated 
to soil the tube, even in the slightest degree, materially inter- 
fered with the success of the experiment. Water will remain 
suspended, at all angles of inclination, in a closed tube not ex- 
ceeding three-tenths of an inch diameter, when its interior por- 
tion at A is quite dry or soiled with some unctuous substance ; 
thus it appears that, with tubes within this limit of diameter, 
the cohesion of the particles of the water for one another remains 
unbroken. 

The experiments which I have made with this apparatus, show 
that the velocity of discharge increases in a high ratio with the 
section of the tube; that in tubes of the same section, the velo- 
city of descent of the column is uniform; and that for all tubes 
within the specified limits of diameter, the angle of maximum 
discharge is constant, or very nearly constant. When the dia- 
meter of the tube is comparatively large, the cohesion of the 
particles of the fluid for one another is broken by the weight of 
the central particles; and then, in this case, the fluid descends 
in the tube by the direct action of the force of gravity, without 
being materially affected by the cohesion of the particles of the 
fluid to the sides of the tube. 

Phil. Mag. 8. 4, Vol. 18. No, 121. Nov. 1859. Z 


338 On certain Laws relating to the Cohesion of Fluids. 
The following experiments, made with water, will sufficiently 
illustrate the laws here indicated :— 
Experimental Table I. 


Diameter of tube = ‘28 inch. Length of the column of liquid, 
L = 20 inches. 


| 


0. he 
Inclination of the | Time of descent of Wes ig Remarks 
enh: |the column of liquid gopaula (). ; 
| in seconds. | 
S / 
| 0 © | 2 Limiting angle. 
5 40 41 
10 24 ) 24 The column uni- 
20 16 16 form in its de- 
30 14 13 scent at all 
50 12 12 angles. 
} 70 14 13 
80 16 16 


90 23 | 24 


Here the limiting angle of resistance 8=0, the angle of mini- 
mum time of descent 6,;=50°, and the general formula is 


6 
T= Ga OE 10) pan 801° see oa? 


Experimental Table IT. 
Diameter of tube = °22 inch. Length of the column of liquid, 


L = 20 inches. 
a. | e Value of T cal- 
Inclination of the | Time of descent culated by Remarks. 
tube. of the column of formula (4). 
| liquid in seconds. : 
0 | os i) Limiting angle. 
10 / 41 40 
20 25 24 The column uni- 
30 20 19 form in its de- 
50 16 16 scent at all 
70 | 20 19 angles. 
80 25 24 
90 39 40 


Here the limiting angle of resistance 8 = 0, the angle of mini- 
mum time of descent 6,=50°, and the general formula is 


12 


a he (26—10) + sin 10 
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Experimental Table III. 


Diameter of tube = ‘18 inch. Length of the column of liquid, 
L = 20 inches. 


@ T 


Iacichion of the | Time of descent ae ec: Remarks. 
tube. of the column of formula (5) 
; liquid in seconds. 
2 oe 20 Limiting angle. 
5 620 600 
10 230 230 The column uni- 
20 110 110 form in its de- 
50 63 63 scent at all 
80 115 110 angles. 
90 230 230 


Here the limiting angle of resistance 8 = 2°, the angle of 
minimum time of descent @,=50°, and the general formula is 


62 ; 
AF sin(t-10)-Lan 6... Gg lane 


Precisely the same results as those above given were obtained 
with the tube closed at its lower extremity, and an air-bubble 
not less in length than fifteen times the diameter of the tube. 
With smaller air-bubbles the times of descent of the liquid are 
sensibly diminished, but in all cases the law relative to the angle 
of minimum time of descent holds true. 


Hastings, September 9, 1859. 


LI. Method of obviating the effect produced by Currents in 
Telegraph Wires induced by Terrestrial Currents. By H.W. 
Evruinstone, Hsq.* 


AB, CD are two similar telegraph wires, parallel to each 
other, separated by a small space; at F they communicate with 
the two ends of the helix of a galvanometer F; at E there is a 
commutator by means of which the two telegraph wires can be 


mE TERRE eermemterra meermmmrneon 
EC e 


Cc 


D 


put in contact with each other, or be joined respectively to the 
poles of a battery. 


* Communicated by the Author. 
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Suppose the two wires to be in contact with each other ; let 
there be a terrestrial current which induces a current in AB 
sufficient to cause a deviation din the galvanometer at F, the 
same current will induce a current in C D which will produce a 
deviation d' in the galvanometer at F. But since these two cur- 
rents enter the helix at its opposite ends, d and da! have opposite 
signs ; the total deviation is d—d', a quantity that will generally 
be small. 

Now by means of the commutator place the battery in circuit, 
and let the deviation produced by the battery be D; the in- 
duced currents remain the same as before; the total deviation 
will be D+d—d'=D nearly. 

If in practice d—d' could be rendered so small as not to be 
comparable with D, there would be no need of keeping the ends 
of the telegraph wires in contact when the battery is out of cir- 
cuit ; it would be sufficient to insulate them, so as to prevent 
any extraneous current passing by accident through the wires. 
If d—d' could not be rendered small enough to be neglected, it 
would at all events be smaller than d, which is the deviation under 
the present system. And it would not, I think, be impossible 
to distinguish the battery signal by a previous arrangement 
having been made by the operators to send battery signals at 
constant intervals of time, every 10 seconds for instance, read- 
ing off immediately before and after the signal was transmitted. 


LI. On the Phanomena of Fermentation. 
By E. Scuuncx, Ph.D., F.R.S. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 
HE Comptes Rendus for 1858 and 1859 contain several 
communications from M. Pasteur, giving an account of 
the results obtained by him in an investigation of some of the 
phznomena of fermentation. One of the chief discoveries which 
he announces as resulting from his researches, is that of the for- 
mation of succinic acid from sugar by fermentation, that acid 
being, as he states, so constantly produced during the process 
that it cannot be considered in the light of an accidental product. 
M. Pasteur seems, however, to be unaware that the formation of 
succinic acid during the fermentation of sugar has been observed 
before. In a paper read before the Manchester Literary aud 
Philosophical Society in April 1854, and published in the twelfth 
volume of its ‘Memoirs*,’ I gave an account of some experi- 


* See also the Philosophical Magazine for September 1854. 
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ments which I had made on the action of the ferment of madder 
on sugar. These experiments were undertaken in order to ascer- 
tain whether this ferment, which I call erythrozym, and which in 
several respects differs very widely from other ferments, would 
have the same effect on sugar as ordinary ferments, such as yeast. 
Now I discovered among the products of this process of fermen- 
tation, besides alcohol and carbonic acid, a small quantity of an 
acid having the properties and composition of succinic acid; and 
as the formation of this acid from sugar had until then not been 
observed, I was led to believe that it was characteristic of the 
particular process of fermentation induced by erythrozym. To 
M. Pasteur belongs the merit of having discovered that succinic 
acid uniformly makes its appearance along with alcohol and car- 
bonic acid in ordinary fermentation. That this discovery was, 
however, not entirely unanticipated, will be evident from the fol- 
lowing quotation taken from the paper just mentioned :—“ But 
it still remains uncertain, and the point is one of considerable 
interest, whether the formation of succinic acid from sugar is a 
specific effect due to erythrozym alone, or is shared by the latter 
in common with other ferments, such as yeast and emulsine. 
On this point I have no evidence to offer, but must content my- 
self with a few general considerations, leading to the conclusion 
that it is not improbable that other ferments will be found 
capable, under peculiar circumstances, of producing this acid 
from sugar.” 

As succinic acid is formed from a variety of substances by 
different processes of decomposition, I took the precaution of 
ascertaining whether in this case it might not be derived from 
the elements of the ferment itself, and I found that not a trace 
was obtained when the ferment was allowed to decompose with- 
out the addition of sugar. I may also mention that, when sugar 
is made to ferment by means of erythrozym, the gas which is 
evolved contains a notable quantity of hydrogen. Whether the 
disengagement of hydrogen in this case stands in any relation to 
the formation of succinic acid or not, I could not with certainty 
ascertain. Probably it does not, since M. Pasteur makes no 
mention of the evolution of hydrogen in his experiments, 

Further details may be found on reference to the paper itself. 

I am, Gentlemen, 


Your most obedient Servant, 
Belfield Hall, Rochdale, E. ScHunck. 
October 4, 1859. 
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LIII. Observations on the Theory of Equations of the Fifth 
Degree. By James Cocxit, M.A., F.R.A.S., F.C.P.S. &e.* 
{Continued from p. 54.] 
60. i ea the sextic in @ be decomposed into 
(P—£,0+8,)(0?— £8 + 8.) (P—§E,0 + 65) =0, 


£,=0,4+4,, £,=0,4 0, £,=0,+ 05, 
8, = 0,04, 5, = O24, 03= 9505; 


where 


and let 
Y¥=9,+ 8,485; 
then y is the root of a 15ic which I shall write 
y+ 38Gyy4+..+G3=0. . . . (k) 


61. But y is a rational and symmetric function of three quan- 
tities 6, each of which is of the form R(@,, @,), that is to say, 
each of which is a rational and symmetric function of the pair 
9,, 6. Consequently y is a rational and integral function, say 
7(#;), of x, and is a root of the quintic 


{y—7(@5)} {y—7(@a) } -- {¥—7(@) } =9, 
the coefficients of which are symmetric functions of «. 
62. The equation (k) is therefore of the form 


(P+ Gyy'+ .. +G5)°=0, 
and y is determined by the quintic of sep 
PGi + SP GE Op! so eee 
the roots of which, expressed in terms of 6, are 
9,0, + 0.06 + O,0;=75=7(a5); 
9106+ 9.9; + 00,=1,="(%), 
9,03 + 0.04 + O;0¢= a=" (#2); 
9,0; + O03 + 0496=%3=" (2s); 
9,0, + 9:06 + 8,9;=Y4=" (2). 
63. The symbol 6, which occurs in the cubic 
&—yE+5=0, 
may by known processes be expressed as a rational function of y. 
64. If the sextic be an Abelian, is the quintic (1) an Abelian ? 


Now in such case y is a rational function of any one root 6. Hence, 
forming the equations 


* Communicated by the Author. In art. 43, line 2, interchange x and 
z', and 6’. In art. 55, for (0,;!!—0,!")? read (O;"+0,!")*. 
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R(y,)=at ayy +agy? +agy,? + ayn’, 
=A+A,0+A,6?+..+A,6°, 
Yo=B+B,0+B,0°+..+B.6°, 
and determining a, a,,.., a4, so as to satisfy the five linears 
A Aas eee ee 


and 


we are led to 
Yo=B—A-+ Ry). 


Consequently if B—A be zero, (1) is an Abelian, and a is 
given in terms of y; and if B—A be finite, z is given in terms 
of 0. 

65. This result duces me to prefer* the sextic in 6 to that 
in ¢, which in the first instance I sought to decompose into 


(t?—a,t+ B,)(? —at + Ba) (PA — ast + 83) =0. 
66. We find, moreover, 
—G,=2y=20)4,, 
G,=ZyiYo= 2070.03 + 22000504, 
—Gs= 2 yYev3= 29;70,0,0, + $(9), 


where ¢ is an unsymmetric function of @ into which no one 
value of @ enters to more than two dimensions. 
67. But @ is in general finite, and the relation 
G3+20,°0,0,0,+6(0)=0, . . . . (m) 
which holds for z-al interchanges of 6, can only subsist in so far 
as it is an immediate consequence of the sextic in 0. This sextic, 


considered as a function of @,, I shall represent by f(6,) =O. 
68. Eliminating between (m) and the Sosa 


S(A)=0, f(O2)=9, .-- , f(O)= 


we shall be led in a variety of ways to the Ai Pe 
6,=B(6,,); 


where, as usual, R denotes a rational function. Therefore the 
sextic ist an Abelian. 


* It would seem, however, from M. Kronecker’s researches, that the 
6ic in ¢ is resolvable by means of an Abelian quintic, 7. e. if the sextic in 
t be an Abelian. 

+ M. Hermite (in Terquem’s Annales) assumes that if a quintic be sol- 
vable it is decomposable into (non-linear) factors, a restriction which Euler 
did not admit. M. Wantzel’s argument does not (it seems to me) make 
due allowance for the occurrence of roots of unity in the expression for the 
root. Mr. Jerrard’s conclusions (in his recently published ‘ Essay,’ &e.) 
are opposed to those of Abel and Sir W. Rowan Hamilton. 
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69. The inference which I have already drawn* respecting 
the sextic in $ or ¢ supports this conclusion. For, since every 
root of a rational equation is a rational function of its own square, 
the square of a rational function of a root is a rational function 
of the square of the root. Indeed, if a, b,c, d and a’, U, ¢, d’ 
be two sets of Eulerian constituents, to which $, @ and 3’, @! 
respectively correspond, a’, b', c', and d! are each linear functions 
of a, b, c, and d, each of which is a rational function of 3. 


White Cottage, Felixstow, near Ipswich, 
Suffolk, September 24, 1859. 


LIV. Is the Thickness of the Earth’s Crust a small or a large 
fraction of the Earth’s Radius? By the Venerable Joun 
Henry Prart, M.A., Archdeacon of Calcutta. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 

HE extreme values which have been assigned to the thick- 
ness of the solid crust of the earth by those who have 

made any calculations on the subject, may be stated to be about 
zipth and ith part of the radius of the earth. In your Num- 
ber for May last, I made some remarks in support of Mr. Hop- 
kins’s view of this question, and added what I conceived to be, 
as far as it went, a confirmation of his general result. It was 
drawn from a consideration of the peculiar geographical circum- 
stances of Hindostan, bounded on the north by a vast mountain 
region, and on the south by a vast ocean. In your Number for 
July, which has just reached this country, Professor Hennessy 
makes the following observations on my reasoning :—“ Here I 
may be allowed to refer to Archdeacon Pratt’s attempt at con- 
firming Mr. Hopkins’s conclusion relative to the supposed very 
eveat thickness of the earth’s crust. [1] He proposes to ascer- 
tain the conditions of equilibrium of that portion of the crust 
occupied by the great peninsula of India stretching from beyond 
the Himalayan Mountains to Cape Comorm. The meridional 
section thus studied comprises an arc of about 24°, and the cur- 
vature of this segment of the shell is a very important element 
in the consideration of its stability; yet it has been totally ne- 
glected. [2] Moreover, the Himalayan Mountains and plateau 
of Central India are assumed to be masses superimposed upon 


* Mr. Harley has pointed out to me, that in arts. 55 to 58, by an over- 
sight which does not affect the argument, I have made 7’, instead of ©, 
the basis of the formula. The investigations to which I alluded in art. 41 
will be found in the Manchester Memoirs, vol. xv. (“On the Method of 
Symmetric Produets,” &e., by the Rev. Robert Harley, F.R.A.S.) 
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the crust, the under surface of which is supposed to be uniform. 
This segment of the crust is not only treated as a nearly flat 
plate band, but great mequalities of thickness are assumed ; and 
the problem is thus invested with circumstances from which it 
readily follows that a very thick crust becomes necessary in 
order to compensate such remarkably weakening conditions. As 
we know that the first of these conditions is decidedly incorrect, 
and that the other at least is wholly unsupported by facts, we 
cannot be expected to admit the conclusion to which they would 
lead.” (P. 25.) 

The numbers in brackets, I have introduced for convenience 
of reference in making the few following remarks :— 

[1] The portion of the crust of which I, in the first instance, 
calculated the conditions of equilibrium, is 100 miles long ; that 
is, less than 1° 30, and not 24°, as stated in this extract. (It is 
AM in the diagram, p. 331, in your May Number.) The cur- 
vature of this is insensible. In a second example I applied the 
same principles to an are of 1500 miles, or about 21° 30/, run- 
ning south from Cape Comorin. But in this case, as the ten- 
dency is not for the crust to sink, but to be broken upwards by 
the pressure of the lava, the arched form of the crust can offer 
no resistance to fracture. 

[2] There are one or two expressions in this latter part of 
Professor Hennessy’s remarks which I do not quite understand. 
I fear I have not been sufficiently clear in my explanation. I 
will therefore give the calculation again, and with more detail, 
and with as near an approach as I can to the actual geography 
of the parts which I bring under consideration. 


1. Colonel R. Strachey, in his account of the Himalaya Moun- 
tains (now in the press), gives an outline map of the vast plateau 
of the Range, with the northern and southern slopes. By the 
help of this map the accompanying diagram is constructed. (In 
drawing it, I have transported myself to England and supposed 
myself viewing this country from the west.) 


{ Fig.l. 
a = é 


North South 


ae eh oS 


lave t 
A is the station Dehra (lat. 39° 19', long. 78° 6'), about 2000 
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feet above the sea: at this point the mountains begin decidedly 
to rise, there being only the low Sewalik Range to the south. 
The diagram represents a meridional section of the mountain 
mass through Dehra. AB is about 140 miles, or 2 degrees; BC 
is about 230 miles, or 34 degrees: take C D equalto AB. The 
southern mountain slope A B rises from A gradually to a height 
of 15,000 feet at b, the intervening space abounding in peaks of 
20,000 feet and more. From 4 to ¢ is the vast plateau, which 
Colonel Strachey places at an average height of 15,000 feet 
above the sea. The northern slope from ¢ onwards is not so 
well known ; and I do not enter upon any description of it, because 
it is not required for my purpose. 

Draw chord AD, and let amm'n be a vertical line through a, 
the middle point of the plateau, and cutting the are AD in m, 
the chord A D in m’, and meeting the interior surface of the crust 
inn. Let Ar be the thickness of the crust at A; es the thick- 
ness at some other point e on the north. Suppose the line rns 
is the form of the section of the inner surface of the crust, as 
A bce is that of the outer surface. 

2. Owing to the downward pressure of the superincumbent 
mass lying on ABCD, the tendency is for the point a to sink, 
and the point an to open at n; the points 7 and s to rise, being 
forced up by the lava under them, which communicates the excess 
of pressure which the redundant mass of the plateau produces in 
the lava below it at x and thereabouts. This tendency in 7 and 
s to rise would cause the joints Av and es to open at A and e, 
were it not for the adhesion of the sides of each joint. 

3. It may be thought that, as the points 7 and s cannot move 
horizontally, the triangle 7 as (supposing the lines joined) must 
remain invariable, and therefore a cannot sink. But the answer 
is plain. If the adhesion at the jomts Ar, An, es be not suffi- 
cient to resist the tendency to open, the moment of the whole 
weight of the redundant matter will be thrown upon the three 
points a, 7, s; and even if we assume that the materials at these 
points will not yield by crushing, it is evident they must give 
way by the angles breaking off, in consequence of the enormous 
cross strain which will come upon them, and which they cannot 
resist, owing to the cracks and fissures and general incoherence 
of the materials of which the crust is made. 

4. Our attention now is to be directed to the conditions of 
equilibrium of the mass ArnaA, supposing that the crust is 
sufficiently thin for the principles of hydrostatics to have effect. 

The continent of Hindostan to the south of A may be regarded 
as one vast plain stretching down to the sea, because the actual 
variations of surface are very trifling compared with the parts I 
am considering. The portion of the crust of which that conti- 


the Earth's Crust. 347 


nent is the upper surface, presses down on the lava beneath it, 
which communicates the pressure to the under surface rn of the 
mass under consideration. This is counterbalanced by the 
downward pressure of the portion Amnr A lying below Am, the 
level of the continent. Thus the weight of the mass AmnrA 
is exactly supported by the lava below rn. 

5. And this will be true whatever be the form of the line rn 
joming 7 and x. Thus suppose the upper line I have drawn is 
the true boundary between the crust and the lava. The differ- 
ence between the two cases is, that the matter, I, between the two 
lines is in one case solid, in the other fluid. But as the solid is 
formed out of the fluid, their densities are very much alike, and 
the difference, one way or the other, will have but shght influ- 
ence upon the equilibrium. The thickness of the crust at the 
assumed joints Ar and az is of importance ; because the greater 
it is, the greater the sustaining force arising from cohesion, as 
we shall see. 

6. The forces, then, which we have to consider are the down- 
ward pressure of the redundant mass A mab A, and the adhesive 
force of the materials at the joints an and Ar. 

Let C be the average cohesive force of the materials, or the 
length of rock of a unit section the weight of which equals the 
cohesive force on a unit of surface of the joints. Mr. Airy has 
stated (Phil. Trans. 1855, p. 102) that the crust could not exert 
such a cohesive force as to make C so much even as one-fifth of 
amile. I shall take this as the limiting value of C. 

Let « be the area of the section AmabA; then, the unit of 
mass being chosen equal to the mass of which the transverse 
section is a unit of area, the mass of the redundant matter =e. 
Suppose its centre of gravity lies in the vertical through G, and 
AG=k; 

.. moment of mass AmabA about fulcrum r=a.k. 


If g and / be the mid-points of the two joints an and Ar, and 
rp be perpendicular to an (produced if necessary), and ¢ and ¢! 
be the lengths of the joints or the thickness of crust at a and A, 
then the moments of the force of cohesion about r are 

C.t.gp and C.?. rl. 
Now 

pg =pm! —m'g=rA—ag+an+mm' =t' —1t+h+avers 8, 
where h = height of plateau above Dehra; a = radius of the 
earth, 4000 miles; and @ the angle of which Am is the are, viz. 
3° 40/. Hence the equation of moments about 7 is 


a.k=C.t(t!—li+h+avers0)+C.t'. 34, 


v. L242 —0? + (h+avers 0)t= Ab 
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I will apply this numerically to the case in hand: 


h= 15,000—2000 feet =2°46 miles; mB=115 miles, 
BA=140 miles. 
I might consider ABd to be a triangle; but I will take a more 
unfavourable case, and suppose it part of a parabola with its 
vertex at A; 
“. @ = areaaB+ area bA=am.mB+3bB.BA 
=2-46 (115+4x 140) =397°7 square miles, 
k=2Am, almost exactly, =170 miles. 
Heuce, putting C=} mile, then 


= F 10x 397-7 x 170=676,090. 


Also a vers 2=4000 vers 3° 40/=8°32 miles. 
7. Hence the equation of moments becomes 
i? 4 2¢¢! —7224+10°78 ¢=676,090. 
This shows that ¢’ cannot be very small, because then ¢* becomes 


negative. The minimum value of ¢' is found by differentiating 
the above, considering ¢' constant ; 


“. 2t'—2t4+10'78=0, 
wv. U=t—5:39. 
Putting this in the original equation, 
(2t—5°39)?—2¢+ 10°78 ¢=676,090, 
2? =676,090 —27 =676,063, 17=338,032; 
= Ook, f=) 76 miles. 


These make the crust very thick both at A and also at a. 

As far as the equation in ¢and @! teaches us, ¢ may be as small 
as we please, even zero; but ?¢' will be correspondingly great. 
And such great variations in the thickness of the crust cannot 
have been produced by any law of cooling that we can conceive. 

8. The above reasoning seems clearly to show that the crust 
must be of great thickness to enable it to resist fracture arising 
from the weight of the superincumbent mountain mass. 

9. I will now pass to the other case, the effect of deficiency of 
matter in the ocean south of Hindostan, and the consequent 
effect of the lava beneath to burst the crust upwards. 

Let O (fig. 2) be Cape Comorin; O QS the ocean stretching 
south ; O qs the gradually deepening bottom ; On, sv two imagi- 
nary joints, and w and @ their mid-points. The forces which we 
have to consider in calculating the conditions of equilibrium of the 
portion of the crust OgsvwO, are the upward buoyancy equal 


the Earth’s Crust. 349 


to the weight of the deficiency of matter in the space OQSsq0O, 
and the cohesion of the crust at the two joints: and we must 


Fig. 2. 


take their moments about O as a fulcrum, as the tendency is for 
the crust to open at u and S, and to turn about O. 

The weight of each portion of the ocean tends downwards 
towards the centre of the earth; and the buoyancy arising from 
the deficiency of that weight equals the difference between the 
weights of the same bulk of rock and sea-water, and tends up- 
wards towards the zenith of the place. As sea-water is about 
half the density of rock (in fact it is less), this difference will 
equal the weight of a mass of rock, of which the volume is half 
that of the ocean under consideration. The moment of this 
force about O is the force multiplied by the perpendicular from 
O upon its vertical direction. Suppose the resultant of all these 
forces of buoyancy (each of which passes through the earth’s 
centre) passes through the point Q, and that « is half the area of 
OQSsq0, and k the length of the perpendicular Op. Then, 
the units being chosen as before, «.k is the moment of the up- 
ward forces arising from the deficiency of matter in the ocean. 
Let ¢ and 7 be the thickness of the crust at S and O, then C.¢ 
and C .?' are the forces of cohesion acting at w and 2, and their 
moments about O are C.¢.P x and C.?'.3 7’, O P being perpen- 
dicular to Sv. 


P2=PS—Ss—sx=avers 0—h—Ht, 
where / is the depth of the ocean at S, @ the angle of which OS 


is the arc, and a the radius of the earth. Hence the equation 
of moments is 


a.k=C.taversO0—h—3t)+C.2.30; 

2ak 

Cc" 

10. I will now apply this to the case before us numerically. 


I shall suppose that the bottom of the sea shelves down gradu- 
ally by equal steps; so that if A is the depth at the angular 


*, 1?—0?+42(avers0—A)t= 
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distance @ from O, h. +6 is the depth at a distance ¢, and the 
moment a.k 


A 
= 1{ ae asin dadp= nae( ie cos é) : 
0 
The equation of moments becomes 
?— {24 2(a vers 0—h)t= shat — cos ) : 


Suppose the sea is two miles deep at S, a point between Aus- 
tralia and Madagascar in south latitude 22°; then @=30°, since 
Cape Comorin is in north latitude 8°. The equation becomes 


t'?— 7? 4 2(4000 x 0:1384—2)¢= 160,000,000( = —0'86 ), 
’?— 7? 4 1068¢= 14,240,000. 


11. As in the former case, ¢’ cannot be very small, otherwise 
?? is negative. The least value of ¢' is given by the equation 


—2t+1068=0, or t=534; 
w. 1?=14,240,000 —534?= 13,954,844, 
?’!=38785 miles. 


This of course I do not consider to be a correct result. Before 
reaching such a depth as this, the cohesive force will have so 
altered that it will be improper to consider that the resultant of 
the cohesion will pass through the mid-points of the joints. 
Moreover, if the thickness is so great as this, the point 2 would 
fall below P, and the joint sv would not open; but the crust 
would crack at some place further on, if it crack at all, where x 
does not fall below P. In any case the crust, under these circum- 
stances, must be very thick Other points there are in which the 
calculation above given will not apply if the crust be exceedingly 
thick ; but in that case, as before, what I am contending for is 
conceded. And the conclusion, I think, may be fairly drawn 
from this case, that the thickness must be very great to resist the 
tendency of the ocean-bed to rise up in consequence of the upward 
pressure of the lava below not being counterbalanced by the 
weight of the ocean itself. 


12. These two cases strengthen each other. For the excess 
of pressure on the lava under the mountains is communicated to 
the lava under the ocean-bed, and increases the upward pressure 
there, and vice versd. 

Finally, then, since all things are in equilibrium, the mountains 
maintaining their elevation and the ocean-bed continuing unal- 
tered, the fair inference is that the crust must be very thick, 
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otherwise this state of things could not exist. If the advocates 
of the theory that the crust has eapanded in becoming solid say 
that I have considered the weight of mr in my first diagram too 
great, what will they say of the density of us in my second dia- 
gram? In order to nullify the buoyancy, the density ought to 
be greater than that of the crust under the continent. But by 
what process could it become denser, if it became at first lighter 
in becoming solid ? 


13. Another means of determining the inferior limit of the 
thickness of the crust, seems to be suggested by a consideration 
of the varying pressure the attraction of the moon and sun must 
cause the fluid in the interior of the earth to exert against the 
crust. If the crust were very thin, this varying pressure might 
cause it to crack. In the following calculation I show that, to 
resist the force caused by the moon alone, the crust should be at 
least 100 miles thick. The force of the sun is to that of the 
moon as 2:5. Hence to counteract their combined effect at 
new moon, the thickness should be at least 140 miles. 

14. In the following diagram, let E be the centre of the earth 


Fig. 3. 


¥ 


Bd 
supposed to be a sphere, consisting of a crust of uniform thick- 


ness and with fluid within. EA is the radius directed towards 
the moon M. I propose to find the increase of pressure of the 
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fluid against a portion of the crust of which C BC’ is the inner 
section when the moon is at M, above what it is when the moon 
is in the prolongation of the radius E F at right angles to E A. 
The earth and moon are supposed at rest. 


E the earth’s mass; M the moon’s, = 7H; 


EA =a, 4000 miles; AB=¢, CD=7', EB=3, c= the distance 
of the moon from E=60a. 
If p be the density of any point of the fluid; 7, s the distances 
of that point from E and the moon, then 
ap =— E fdr ut ds, 
p a 8 
by the laws of fluid equilibrium. Now p is variable; but at 
all points along the inner surface of the crust it is constant, and 
=D suppose. Hence integrating along the surface of the crust, 
putting =4, and taking s to apply to any point P in the surface, 
we have 
ay DE, DM ( 1 + 
p= constant par aaa Sai =A+DM Tine 
where A is a constant independent of the moon’s action. Let 
6= angle PEB; then s=c—d cos 8, neglecting very small quan- 
tities.” Hence 


bh? 
p=A+ DM— cos 0. 


15. I will now determine the resultant force which the part of 
this pressure which depends upon the moon produces on the 
part of the shell CBC’ in the direction EA. 

The area of an elementary ring of the surface =277b sin 0. bd0. 
The pressure on this, resolved in the direction HA, 

2arb8 : 
== DM sin 6 cos? 6 dé. 


ce 


Hence the resultant pressure in KA 
8 
==t = DM(1—cos*e). 

16. The ordinary pressure of the internal fluid sustains the 
proper proportion of the crust, viz. cCBC’cAc. The additional 
part, defined by the revolution of the triangle CDe around EA, 
by its weight counteracts in part the effect of the fluid pressure 
caused by the moon, and must be taken into calculation. 

Let A be the area of the triangle CDe, and / the distance of 
its centre of gravity from EA; then A.A is the volume of this 
mass. Its several parts press down towards EH, and its average 
density is less than D. I shall therefore not be under-estimating 
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it by putting its resultant weight in the direction 
AE=A.h.D cosa. 
Hence the force acting outwards 
3 
= — “DM(l — cos? a)—A.h.Dcosa=F suppose, 

17. This is the force which tends to separate the portion of 
the crust DCC'D! from the rest. It is resisted by the cohesion 
of the surfaces in contact. This cohesion, for the measure of 
which I shall take C as before, must be such that 


F sin 8 


area of surfaces in contact’ 


C is not < 


the part F cos @ if F is resisted by friction. 
Let u and v be the distances of D and C from EA. Then the 
surface of the frustum of the cone generated by the revolution 
2__ 4,2 
of CD about EA= me - Also C = weight of 1th mile 
length of the materials of the crust (section unity) 
Ob iin, 08D? 2B one 
 * 20,000 7~ 20,000 a? ~ 8000" . 
Hence the above condition of equilibrium becomes 
w—v? 1 : ( ‘\'- 800Ah cosa 
sin? B not <a Ul cos a) i 3 —_ Sa: 
18. First. Suppose that CD coincides with Ce, or B=a. 
Then A=O; also u?—v?= (2at—Z2?) sin? a; 


aa og aoe t\? 
ee caer must not be Tos > 1-<), 
1 


a 
The second side is greatest when a=90°; in this case t=,a 
=100 miles. This shows that if the crust be not as much as 100 
miles thick, the pressure of the lava upwards towards the moon 
will be capable of cracking the crust all round, at a great circle 
of which the plane is at right angles to the direction of the moon. 
Since no such fracture takes place, as this great circle travels 
over the earth following the moon’s motion, we must conclude 
that the thickness is at least 100 miles. The same may be said 
of the sun; and therefore, as I have already stated, the thickness 
cannot be less than 140 miles. 

19. Secondly. If CD does not concide with Ce, the thickness 
need not be so great if it lie above it; but if it lie below it, the 
thickness must be greater, because then the term in A will change 
sign. The limiting case is when B=O and u=v; the part of 
the crust acted on by the pressure will become cylindrical instead 
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of conical. In this case there would be such an enormous amount 
of friction to be overcome before such a plug could be forced out, 
that we cannot draw any inference from the formula. There 
would indeed be friction in every case where @ is less than «, and 
therefore the result stated in paragraph 18 is the only one to 
which the calculation leads. J. H. Pratt. 


Calcutta, August 22, 1859. 


LV. On the Specific Gravities of Alloys. By F. Cracz 
Catvert, PA.D., F.R.S., F.C.S.; and Ricuarp Jounson, 
F.CS. &c.* 


4 bee study of alloys and amalgams having been made espe- 

cially with impure or commercial metals, the results ob- 
tained have been such that it has been impossible to solve the 
important question, Are alloys and amalgams chemical mixtures 
or compounds? It is with the hope of throwing some light on 
this subject that we have for the last two years been engaged in 
examining comparatively some of the physical properties, such as 
the conductibility of heat, tenacity, hardness, and expansion of 
alloys and amalgams made with pure metals, and in multiple and 
equivalent quantities, as follows :— 


1 Copper and 1 Tin. 
Liye endl e 2. 
oss, ands 5, 
beg es and att 
Lens tema 
and 

1 Tin and 2 Copper. 
Meee’ tI enh 22 
Ue a as 

Li ag 457 18 Sigg 


By this method we have succeeded in ascertaining, first, the 
influence which each additional equivalent quantity of a metal 
exerts on another ; secondly, the alloys which are compounds and 
those which are simple mixtures; for compounds have special 
and characteristic properties, whilst mixtures participate in the 
properties of the bodies composing them. This method of in- 
vestigating alloys and amalgams has enabled us to ascertain 
which metals combine together to form definite compounds, and 
those which, when melted together, only form mixtures. Thus, 
for example, bronze alloys are definite compounds, for each alloy 


* Communicated by the Authors, 
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has a special conductibility of heat. Thus the alloy 


Obtained. Calculated*. Difference. 
Si Cu? yn. . “a5 19°87 6:22 
Sala? ol.) ae 75 21°37 5:62 
SH Cl Ete es Ae ae 4°96 21:88 16°92 
Gwe arse ffs 6:60 22°50 15:90 


These same alloys have a specific gravity of their own. Thus,— 


Obtained. Calculated*. Difference. 
Saba. os is Sed 8:059 0-474 
BO ce . . eb: 8:208 0°756 
Br Gntycks ecb YB 948 8:306 0'64.2 
Sn Cn...» 8965 8374 0°591 


The same fact is also observed in the expansion or contraction 
of these alloys. Whilst, on the contrary, the alloys of tin and 
zinc, being mixtures, conduct heat, have a specific gravity, and 
expand according to theory, or the proportion of tin and zine which 
compose each alloy. Thus for heat,— 


Obtained. Calculated*. Difference. 
Wee penth <3) ae 14:90 0:25 
AS ie eee a 15:80 0°10 
ER ie ye woo eee LOS 16:95 0:30 


Specific Gravity. 


Obtained. Calculated*. Difference. 
Fu Sn? i 1. OTA 7°193 0:081 
we i oS oe eeu 7134 0:128 
ee och oh 7-060 0°128 


We shall divide our researches on the specific gravity of alloys 
and amalgams under two heads: first, those which have a higher 
specific gravity than indicated by theory; and secondly, those 
which have a less specific gravity, or expand. 

I. Alloys which have a higher specific gravity than indicated 
by theory. Results :-— 


* The principle upon which the theoretical conductibility, specific gra- 
yity, and expansion are calculated, is similar to that followed with respect 
to hardness, for which see page 4 of our paver “ On Hardness.” 
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Copper and Tin (Bronze). 


Formule of alloys and per-centages. | Obtained. Calculated. | Difference. 
Silo ag ences eee 7517 7-431 0-086 
EuSiAies ya htas.| eeGa8 7-462 0-096 
SS ae a 7-606 7-514 0-092 
an ote ea hip sats 7-738 7:580 0-158 
Ne ban at eee 7-992 7-805 0-187 
SnGitd eons? 8-533 8-059 0-474 
snub { Sh3820 1] 8954 8-208 0-746 
Sn Cut { a RR ee 8-306 0-642 
Sn Cus { Sacha eae 8-965 8-374 0:591 
Su Cul | oe uae poe 8-832 8545 0-287 
Sen oa 8-825 8-615 0-210 
Sc a oi ae 8-793 8-634 0-159 
SmOwd og ge becsencen $820 | 8677 0-143 

Copper and Zine (Brass). 
Formule of alloys and per-centages. | Obtained. Calculated. Difference. 
Ohba 8673 | 8458 0-220 
Zn Cut { 25 i \ ratte 8-650 8:387 0-263 
ae ba ee 8-576 8-290) 0-286 
hy (edad Deane 84888129 0-359 
aa ss bea: ea 7808 8319 0511 
cum | ere mene). 7859 7-489 0-370 
Cu Zn’ { ab ats \ peed | 7-736 7-334 0-401 
ey ell a eae pe YT 7-237 0-208 
Danks Cathy bomdilat., 7-442 7-174 0-268 
Copper and Bismuth. 

Rit clei co bag i bad | 9-634 | 9-566 0-068 
Cine and Siemens 

Cr Shier 7-990 | 7-386 0-604 
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Tin and Zinc. 


Formule of alloys and per-centages. 


Zn Sn? 


Zn 21°65 } 


Sn 78°35 


Zn'sn {on gt40 foe 
Sn Zn? { oa Shey Sedasdnevees 
Sn Zn3 { a ae Susans snaes® 
oe 
sama {5828571 
Sn Zn!9 =a oe adaware nates 


Obtained. 
7°274 
7°262 
7188 
7-180 
7155 
7140 
7135 


Calculated. 


7-193 
7-134 
7-060 
7021 


6-993 
6974 
6:927 


Difference. 


II, Alloys and amalgams having a less specific gravity, or 
which expand. 


Mercury and Tin. 


Formule of alloys and apes se Obtained. Calculated. Difference. 
He 62:97 asp a ; 
Hg Sn 4 gio 37.93 poeeeett 10-255 11-259 1-004 
oe eerie aera 9-314 10-180 0-866 
Hg Sn? { ee ae ee 8:805 9-568 0-763 
ed 8-510 9:168 0-658 
Hg Sns { Bere pistes 8-312 8-885 0573 
Hg Sné { Se at Selec 8151 | 8678 0:527 
Mercury and Bismuth. 

Formulz of alloys and per-centages. | Obtained. Calculated. Difference. 
ee eee 11-208 11-638 0-430 
Hg Be { BeBe 1g feces | 10-698 11-007 0-314 
Hg Bi? { yl w.| 10-474 10-704 0-230 
Hg Bit {ee ee san as 10-350 10-522 0-172 
Hg Bis { = Bed Sees 10-240 10-410 0-170 

Mercury and Zine. 
OS RES Bie Nes 11-304 11-944 0-640 
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Antimony and Bismuth. 


Formule of alloys and per-centages. Obtained. | Calculated. Difference. 

Bi 24-81 

Bi Sb5 { aN 7-271 7-470 0-201 
Bi 29-20 “en ; 

Bi Sbé { Er a te 7-370 7-606 0-235 

Bi 35°48 lity ee f 

Bi Sb? { SP EMIGRT aeeeboe- : 7561 7-801 0-240 
Bi 45-21 ' 

Bi Sb? { ee 7-829 8-102 0-273 
; Bi 62-26 ; 

Bi Sb { a 7 ee 2-364 8-630 0-268 
» [ Sb23-26 

aU batge <4 noee 8-859 9:07 0-218 
Sb 16:81 : 

Slog boars: serpin 9-095 9:277 0-182 
vg f Sb13°17 an . 

Sb Bit { ort dee 9-276 9-391 0-115 
., [ Sb 10-82 ; 

Sb Bis {Bi La ae 9-369 9-464 0-095 

Bismuth and Zinc. 
Sy ee ee ae nee 9-046 9°132 0-086 
Tin and Lead. 
Formule of alloys and per-centages. Obtained. Calculated. | Difference. 

Pb 26-03 iar \ 

Pb Si te cei ieihacc 8-093 8-367 0254 
Pb 30-37 

Phy Sat De sales 8-196 8-548 0:352 

Pb Sn3 a Se A shaver 8-418 8-823 0-405 
> f Pb46-82 : 

Pb Sn? { oP 53.18 fo 8-774 9-232 0-458 
f Pb 63-78 | nse : 

PbSn 4 $n 36-22 \ ee | 9-458 9-938 0-480 
, fSn221 gai 

Sn Po? { OP 89 | ra Pk | 10-105 10:525 0-420 

Sn Pb3 { By \ er ae | 10-421 10-783 0-362 
Sn 12:43 | ¢ { : 

Sn Pb! { oy | aD ie. | 10587 10-927 0-340 
Sn 10-20 a : 

Sn Pps { SP 39-80 | se ee | 10°751 11-017 0-266 
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“Lead and A ntimony. 
| Formule of alloys and per-centages. | Obtained. Calculated. | Difference. 
Sb Pbé { eee \ Bi sige | 10556 | 10919 0-363 
sb ppt | Soe } Priosci 10387 | 10-805 0-418 
Sb Pb3 { Se tare 10136 10629 0-493 
Sb Pb? { pe he \ ene 9-723 10-321 0-598 
Sb Pb { ee | nate 8-953 9-624 0-671 
BST Seiceae bs <r vsha | -8:330 8-959 0629 
Pb Sb3 { Serer | LOG. te | 7-830 8-355 0-525 
Pb Sbé { Leia \ Siete 7-525 8059 | 0584 
Pb Sb { ty) eee 7-432 7854 0-422 


These researches reveal two important facts: first, that there 
is one metal the alloys of which always contract, viz. those of 
copper, whilst all the amalgams expand or have a less specific 
gravity ; secondly, that the maximum expansion or contraction 
of alloys and amalgams generally occurs in those which are com- 
posed of one equivalent of each metal, the exception being those 
of tin and zinc. But this arises no doubt from the fact that 
all the alloys, with the exception of the latter, are compounds 
and not mixtures. 

We must, in conclusion, draw attention to the extraordinary 
contraction or expansion that some of these alloys experience. 
Thus, for example, the alloy of 3 of copper and 1 of tin,— 

Found. Calculated. Difference. 

8:954 8:208 0°746 
whilst the anialgams of tin expand to nearly the same extent, as 
shown by these results :— 


1 oe Found. Caleulated. Difference. 
I of Mereury’| 19.955 11-259 1-004 
1 of Tin 


LVI. On a Test for ascertaininy whether an observed degree of 
Uniformity, or the reverse, in Tables of Statistics is to be looked 
uponasremarkable. By Rosurr Campsexy, M.A., Advocate, 
Edinb., Fellow of Trinity Hall, Cambridge*. 

Oe following problem was suggested by certain remarks in 

Mr. Buckle’s introductory chapter to his ‘ History of Civi- 
lization” In that chapter Mr. Buckle remarks upon the striking 


* Communicated by the Author, an abstract having been read in Section 
A at the Meeting of the British Association at Aberdeen, Sept. 20, 1859. 
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uniformity usually exhibited by classes of pheenomena—such as 
not only births, deaths, marriages, but such things as those ap- 
parently depending upon mere caprice—such as the number of 
letters annually sent without directions through the Post-office, 
or those which appear likely to depend on the most capricious 
and irregular causes, such as murders and suicides; and he pro- 
ceeds to draw certain moral conclusions from the fact of this 
uniformity, namely, the existence of certain moral laws by which 
a section of the community, definite in number, is always im- 
pelled to such acts. But before entering upon a discussion of 
the legitimacy of such results, there appears to me always a 
previous question to be solved, namely, whether the observed 
degree of uniformity is remarkable or not. For supposing the 
observed uniformity to be not more than that which might be 
expected from events, the occurrence of which to individuals was 
conceived of as perfectly fortuitous, the whole argument would 
resolve itself into a pure metaphysical question, from which it 
would be hopeless to expect any practical issue. 

I propose, therefore, the following problem :—To find some 
test by which we may ascertain whether a certain observed degree 
of uniformity, or the reverse, in tables which give the numbers 
yearly occurring of a certain class of phenomena is to be looked 
upon as remarkable or not; and I propose the following method 
for finding such a test. Starting from the supposition that we 
know nothing except the total number of such phzenomena which 
have occurred during a certain number of years, let us try to 
find the degree of uniformity with which we should expect the 
phenomena to be distributed through the different years. Ifthe 
uniformity observed in the real tables is much greater than this, 
we may fairly conclude that there is some cause of this uniformity 
which we might hope to discover; and further, that if there is 
any known cause which might tend to produce such uniformity, 
we may fairly ascribe such uniformity, in part at least, to such 
cause; and if, on the other hand, we found the figures in the 
real tables to vary much more widely than we should expect from 
the knowledge of the mere fact from which we started, we might 
fairly say that the number in any year which presented such a 
remarkable deviation is most likely assignable to some disturbing 
cause acting in that particular year. 

Such positive result will be matter of probability ; but of this 
negative result we may be certain, that if the uniformity thus 
arrived at is very much the same as that of the real tables, we 
shall not be justified in drawing any moral inference from that 
uniformity alone ; for it would be shown that such uniformity is 
only what is to be expected if we know nothing except the total 
sum of the tables. 
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Suppose, then, that with regard to the statistics of a certain 
class of phenomena we know nothing, except that during a series 
of a years the number of such phenomena have been found to 
be ab. 

Suppose these to be phenomena presented by, or occurring to, 
individuals in a population of persons, which we shall suppose, 
for the sake of simplicity, to remain nearly constant durmg the 
years in question. We will suppose also the phenomena of a 
kind which are not likely to occur to the same individual more 
than once in the same year. Of this class would be most of the 
important phenomena of which tables of statistics furnish num- 
bers. Now we suppose ourselves totally ignorant of the laws 
which regulate such phenomena, or rather we suppose it has 
never occurred to us that they might be regulated by any laws. 
Therefore we do not conceive the same phenomenon to be more 
or less likely to be presented by the same individual in different 
years than by different individuals. Consequently we may con- 
ceive of the same individual in a different year, for the purposes 
of this problem, as a different individual. 

Now using the word “ probability ” in its technical mathema- 
tical sense, to say that we know nothing except the above datum, 
is the same as to say that the probability of a given person in a 
given year presenting the phenomenon is 


b 


n 


If we call this person A,, we may now say that the probability of 
A, presenting the phenomenon in the given year is = 


Now suppose it known that A, presents the phenomenon in 
the given year; to find the probability of a second given person 
presenting it in the same year, we must remember that the num- 
ber of remaining persons favourable to the supposition, any one 
of whom the person given might be, is aj—1, and the whole 
remaining number of persons is aw—1. ‘Therefore calling the 
second given person A,, the probability of A, presenting the 
phenomenon in the given year is 


wih bef 
an—V? 
and the probability of his not doing so is 


ab—1 
an—l° 


ieee 


Therefore the probability of A, presenting the phenomenon in 
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any given year, and A, not doing s0, is 


b =) 

n (1 ~~ an—1/" 
Now suppose the persons alive in any given year to be A,, 
A;,...A,, it will easily be seen from the above that the proba- 


bility of the phenomenon in that year being presented by A 
and neither by A,, A,,...nor A,, is 


b ab—1 ab—1 ab—1 
“(1-25 -<— areca ‘ 


Hence the probability of one person only presenting the phzno- 
menon in the given year is 


ab—1 ab—1 ab—1 ) 
».(1- an—1 G- an—2/ °° (ee gic ame: 
In a similar way it may be shown that the probability of Aj, 
A, both Te the phenomenon in the given year, and 
neither A;, A,...nor A, doing 80, is 
6 ab—l l 4) _ab—2 (1 ab—2 ) 


nm an—1l\ an—2 in=6) Nc ne? 


And the probability of two persons only presenting the pheno- 
menon in that year is 


n—1 ab—1 ea ab— i ab—2 ( ab—2 ) (2) 


2 eet an—2)\" an—37""°'\ an—n +17" 
The probability of éhree persons only doing so will be 
(n—1)(n—2) b ab | 1. oF -2 =) ab—3 


2°38 ““"an—1 an—2 an—3/\ an—4. 
ab—3 
Q-so)h es 


It is easy therefore to get the general formula, but it is only 
necessary to write down the most important one, which is the 
probability of & persons exactly presentng the phenomenon in 
the given year. This is 
(n—1)(n—2)...(n—B+1) b ab—lab—2 ab—b+1 

D eS 5b *"an—1 an—2°"'an—b41 


0-F)0-ara)-(-asae + @ 


This expression would be obtained from that for the proba- 
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bility of (,—1) persons doing so by multiplying it by the factor 
n—b+1 ab—b+1 | 1 

b an—b+1 ee ae 


an—b+1 
ab —b ab—b ab—b 
(2 ~ an—b Jaa ae ay, 
fi Bal (5 Oey — ab—b+1 
( an—b an—b—1/°** an—n+1 
an expression which easily reduces itself to 
n—b-+1 ab—b+1 b(a—2)+n+4+1 


5 MeL SL 
Except, therefore, in the anomalous cases of a=1 or n=3, which 
would be easily explained, this expression is always greater than 1. 

In the same way the ratio of the probability of +1 being 
the number for the year to that of } being so, is 


n—b ab—b iL 
b+1 an—b ab—b 
cc 
an—b 


gees 2)--- (1 ea 


. 3 
Ce sat oes 


which in the same way reduces itself to 
in Oration, Oe 
b+1 an—ab—(n—b—1) 
the inverse of which is 
(a—1)n—(a—2)b41 


(n—6)(a—1)b” 
which is also positive. 
The number @ is therefore the most likely one to occur in any 
os This is simply, in fact, the result which might easily have 
een foreseen, namely that the average number is the most pro- 
bable one to occur as the number of the phenomena in any one 
year, and consequently that in a table representing a series of 
such phenomena, giving the number occurring in each year, we 
shall expect to find the number which represents the average 
oceurring oftever than any other. 
From the above it is easily seen that, though the expression 
for the probability of any given number occurring is a very com~ 


1} 
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plicated one, yet it will be easy to obtain a comparatively simple 
expression for the ratio of the probability of any given number 
occurring to that of the average number occurring. And it can 
easily be shown that the ratios of the probability of the number 
b bemg the one for a given year to that of b—1, b—2, b—3, 
and so on being the numbers, are as follows: viz. 


b to (6—1), 


m—b+1 ab—b+1 . 
a 

b to (b—2), 
(n—b+1)(n—b+2) | (ab—b + 1)(ab—b +2) ee 
b(6—1) (an—ab—n—b)(an—ab—n—b +1) * 

b to (b—3), 

(n—b+1)(n—b+42)(n—b+3) 
b(b6—1)(6—2) 


i 0s Des ee eee 
(an—ab —n—b) (an—ab—n—b + 1)(an—ab—n—b+2)’ : 


and so on. 

In a similar manner we shall find the ratio of the probability 
of the number 4 occurring to that of the numbers 4, 6+1, 6+2, 
&e. ... occurring to be— . 


b to (6+1), 
b+1 an—ab—(n—b—1) | 
n—b Syl spe Bea Ga a . . . . . . . * . (a) 


b to (642), 
(6+1)(+2) | {an—ab—(n—b—1)} {an—ab—(n—b—2)} 


(n—b)(n—b—1) (ab —b) (ab—b—1) 
b to (+38), 
(641) (6+2)(6+3) 


(n—b) (n—b—1)(n—b—2) 


. (co) 


_ {an—ab— (n—b—1)} {an—ab—(n—b—2)} {an—ab—(n—b—8)} 


(ab—b) (ab—b—1)(ab—b—2) 


If we suppose » very large with respect to the other numbers, 
which is the case of most common occurrence, they will become 
still more simple. They will then be 
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ch _ab—b+1 
BOGE” 
fan _ (ab—b+1)(ab—b +2) 
u (a—1)?.6.(6—1) ’ 
( _(ab—b +1)(ab—b 4 2)(ab—b +3) 
Bah (a—1)?.6.(6—1)(b—2) —” 
and soon. And 
_(a—1)(b+1) 
(2,) FPP apes Bee 
gees (a—1)?(b+1)(6+2) 
* ~ (ab—b)(ab—b—1) ” 
eye (a—1)?(b+ 1)(b+2)(2 +8) 
% ~~ (ab —b) (ab —b—1)(ab—b—2) 

Now before working out numerical results, there is one obser- 
vation that is evident on the face of these formule. It is evi- 
dent that when we get far on in the scale, these numbers will 
increase very rapidly; so that when we get to a number which 
is much greater or less than b, we see that we should expect b to 
occur with much greater frequency than such number; and 
when we get considerably away from 4 (the average number), 
these figures will become so immense that the result will be that, 
even in a very large table of statistics, we shall not expect such 
a number to occur at all. We may remark, moreover, that to a 
very rough approximation the numbers would be symmetrically 
arranged on each side of 5, those above it increasing at first more 
rapidly, and then less so than those corresponding to the num- 
bers below b. In the case of n not being very large, we should 
observe also that the numbers increase more rapidly than when 
it is so. An application of this last observation may be the fol- 
lowing. Suppose that in a table of statistics the numbers were 
found more uniform than should be expected from the whole 
number of the community. The hypothesis that such phenomena 
are confined for the most part toa definite section of the commu- 
nity, might in some cases go far to explain such a uniformity. 

It is easy to see how the expressions above given will, when 
worked out, afford a test such as was proposed in the outset. 
But probably a much more useful application of the problem will 
be, in the case of the extreme numbers which occur, to be able to 
tell whether their variation is such as to require explanation from 
the special circumstances of the particular year. 

When we come to work out results numerically, we shall be 
probably startled at the extremely small probability of a number 
far removed from the average one which our results will give. 
[t will be much more than in proportion to the moral surprise 
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which it would give us to see such a number in the tables. Why 
is this? Simply because we started with the hypothesis that we 
knew nothing about laws regulating the phenomena and causing 
either uniformity or variety. Now this hypothesis was morally 
incorrect in this respect. For we knew ¢his at starting, that 
such laws may exist; and if the degree of uniformity or the 
reverse in the real tables present a striking contrast to that which 
we should expect from the result of our hypothesis, we may 
fairly be led to the conclusion that such laws do exist, and that 
our tables justify us in looking for causes to explain their re- 
markable features. 

For example, take a=5, 6=242, and suppose large in com- 
parison. (These are the figures referred to in Mr. Buckle’s in- 
troduction as those representing the suicides in our metropolis 
for the five years 1846-50 inclusive; the numbers being in | 
1846, 266; 1847, 256; 1848, 247; 1849, 218; and in 1850, 
229, as quoted from the ‘Assurance Magazine.’) 

Our formule will then become— 


5x 24224241 969 


Se ag aap eT OER 
= 969 x 970 
Lh, Ra SAO Ge 
969 x 970 x 971 d 
43> aie -mhie whe 968 x 964 x 96( % 964 % 960° and so on. 
cian eras Ae se OR 
“4 968 Geils 968? 
972 x 976 
Soom t. ; * 968 x 967’ 
972 x 976 x 980 


Boma Miah a! are Mee ele eas 968 x 967 x 966’ and so on. 


Working out the results, we shall find the probability of the 
number 242 occurring in a given year to that of 241, 240, &e. 
occurring, in the following ratios :— 


1:001}-9989/231/1:348 7419 |221| 3:096|-3229//211 12°36): 192)843°24 "00149 
1-007 "9928 |230)1°430}-6995 |220| 3-468 '-2884|'210)14°65): 182,14060-+4 *90007 
1:019)*9816)|299|1°524)"6560)/219) 3°905)-2561)|209|17°45): 172\649500+ 
1:036/'9654}228 1°634}'6119/|218) 4-422)"2261)}208 20°92): 162)51170000+ 
1:059)° 227 1°761|"5677|/217| 5-036,"1986|207 25-22): 152,7900000000-+ 


1-088 9193 926 1-9095239/216) 5*768 "1734 |206 30-58 "0327| 14912445000000000-+ 
|1-123}-8901 295 2-080/"4808/215) 6641 "1506 205 37-26) &e. &e. | 
934\1"166) 8573)| 2242-278 4389214) 7-693 1301 /204|45-76)" 
93911218 )"8213223 2°510)'3984/213) 8:958)1116 203 56-47) 
939|1'278),_,,7|222'2°780| 3590) 212}10-49 0952) 202170-10) 
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The numbers for the figures above 242 may easily be similarly 
worked out, and will present an appearance somewhat symme- 
trical with the above. It will be thus seen that there are about 
a dozen numbers, 236 to 248 say, all nearly equally likely to 
occur with the average one ; about thirty which are at least half 
as likely to occur as that one. And the above Table shows with 
what enormous rapidity the numbers increase when we get far 
away from the limit. 

The above figures are of course obtained by the use of loga- 
rithms ; it is therefore easy from the logarithms to obtain their 
reciprocals, which are inserted above in the small figures oppo- 
site the respective numbers. 

These reciprocals will give a key in any particular case to find 
the absolute probability of a given number occurring ; for it is 
obyious that the probability of 242 occurring 

1 


~ 1+ sum of their reciprocals’ 
Now the sum of the reciprocals may be found approximately 
without very great labour ; for it will make little difference in the 
result if we neglect all that come after such a number as that 
opposite 202. 

The probability of 242 occurring having been found, we have 
the key to any problem such as “ to find the probability of a num- 
ber between 222 and 282 occurring ;” “to find the probability 
of anumber less than 222 occurring,” &c.: e. g., to find the pro- 
bability of a number between 212 and 220 inclusive occurring 
in a given year, “add the reciprocals opposite the numbers, 
divide by 9, and multiply the result by the probability of 242 
occurring,” &e. 

I should suggest as likely to be a very useful application of 
the above, the solution of problems relating to the amount of 
capital requisite to ensure the stability of an insurance office 
with regard to fortuitous fluctuations, problems with regard to 
laying aside of bonus additions to policies, &c., especially where 
the statistics already obtained with regard to the particular 
class of risks are scanty. 

The fundamental expressions receive another simplification if a 
is large, that is, supposing us to be supplied with tables extending 
through a great number of years. The expressions then become— 

M _n—b+1 ] jaifeee 
> ery’ n—b’ 
pa Ee Ht b is 
he b(b—1)  — \n—b/? 
eet b 3 3 
i= pcateay to NR b) and so on. 
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_b4+1 n—d 
~n—b b? 
Rae (6+ 1)(64+2) poe 
2 (n—b)(n—b—1)\ 6 7? 
(64+1)(6+2)(b4+3) n—b\§ 
“3 (n—b)(n—b—1)(n—b—2) ("F-) sand so on. 

These results might have been obtained more directly by 
neglecting a from the first. Ifthe number of years was large, 
we should have very nearly the probability of A, presenting 
the phenomenon and Ag not doing so, 


= 3 - ae and so on. 
n nN 
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LVII. On Ortho- and Meta-silicates. By Witi1am Opuinec, 
M.B., F.R.S., Secretary to the Chemical Society*. 


ff ase experiments of Colonel P. Yorke on silicat, whereby 
from its action on.each alkaline carbonate a different 

atomic weight was to be inferred, seemed at first sight highly 
anomalous and unsatisfactory. But I believe that, upon consi- 
deration, his results will prove to be perfectly consistent, to 
throw considerable light on the nature of the silicates, and to 
indicate the simple relations of these salts to the phosphates and 
to polybasic salts in general. We are acquainted with various 
binary compounds of hydrogen, and with certain quadroxy-acids 
and salts, indirectly procurable from them{. Thus,— 

Chlorhydric acid. H Cl. HH ClO* Perchloric acid. 

Sulphydric acid. H*S. H?S O* Sulphuric acid. 

Phosphamine . H'P. HP O* Phosphoric acid. 
And it seems to be a general rule that binary hydrides with one, 
two, three, or more atoms of hydrogen, yield quadroxy-acids and 
salts, with an equal number of atoms of hydrogen, or equivalents 
of basic metal respectively. 

But it is observable that if from phosphoric acid, H? PO*, we 
abstract an atom of water, H? O, we obtain a new acid, the meta- 
phosphoric, which corresponds to a distinct class of salts, the 
metaphosphates ; while intermediate between common or ortho- 
phosphates and metaphosphates we have several varieties of 
compounds, among which the best-defined are the pyrophos- 
phates, salts which result from the union of an atom of ortho- 
phosphate with an atom of metaphosphate, thus :— 

M3’ PO* + MPO? = M? P? 0", 
Now when phosphoric anhydride is fused with the salt of a 
* Communicated by the Author. 
+ Phil. Trans. 1857, p. 533. 
+ O=16, S=32, C=12, Si=28. 
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volatile anhydride, an ortho-, meta-, or intermediate phosphate 
is produced, according to the facility with which the volatile an- 
hydride can be driven off from its base. Thus I find that when 
sulphate of magnesium is heated with phosphoric anhydride, a 
tribasic or orthophosphate of magnesium is produced, M® POS, 
sulphuric anhydride being somewhat readily expelled from mag- 
nesia; but when sulphate of potassium is fused with phosphoric 
anhydride, we have only a monobasic or metaphosphate of po- 
tassium produced, KPO®, in consequence of sulphuric anhydride 
being very powerfully retained by potassa. The phosphoric acid 
obtained from the magnesian salt gave a yellow precipitate with 
ammonio-nitrate of silver, and did not coagulate albumen. The 
phosphoric acid obtained from the potassic salt gave a white 
precipitate with nitrate of silver, and did coagulate albumen. 
The case of silicic acid appears to be precisely similar to that 
of phosphoric acid. In default of a correct knowledge of the 
composition of siliciuretted hydrogen, we rely upon our acquaint- 
ance with chloride of silicon. The vapour-density of this com- 
pound requires the existence of four atoms of chlorine within its 
two-volume molecule, and its formula is consequently Si Cl’, 
with which expression, moreover, its reactions best accord. Cor- 
responding to this chloro-derivative of a tetrahydride of silicon, 
we ought to have a class of tetrabasic, quadroxy- orthosilicates, 
having the general formula M4 $i0*, and constituting the fourth 
term of the following series :— 
Perchlorates . M Cl0%. 
Sulphates . . M?S 04. 
Phosphates. . MP O4(—M?0=M PO). 
Silicates. . . M*Si0*(—M?O0=M?Si0%). 
Precisely as the tribasic are the most highly basic of the phos- 
phates, so are the tetrabasic the most highly basic of the silicates ; 
and as the tribasic orthophosphates, by the loss of an atom of 
base, M?O, become monobasic metaphosphates, so do the 
tetrabasic orthosilicates, by the loss of an atom of base, M?O, 
become bibasic metasilicates; and as there are intermediate 
or pyrophosphates, with seven atoms of oxygen, so are there 
intermediate 3 silicates with seven atoms of oxygen; and as 
phosphoric anhydride, when fused with the salt of a volatile an- 
hydride, may form an ortho-, meta-, or intermediate phosphate, 
according to the facility with which the volatile anhydride is 
liberated, so does silicic anhydride, when fused with the salt 
of a volatile anhydride, yield an ortho-, meta-, or intermediate 
silicate, according to the facility with which the volatile anhy- 
dride is liberated, as in Colonel P. Yorke’s experiments ; for 
carbonate of lithium evolves carbonic anhydride more readily 
than does carbonate of potassium, while carbonate of sodium is 
in this respect intermediate between the two. Hence with silica 
Phil. Mag. 8, 4, Vol. 18. No, 121. Nov. 1859. 2B 
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and carbonate of lithium, Colonel Yorke obtained an ortho- 
silicate of lithium, Lit Si0*; with silica and carbonate of potas- 
sium, a metasilicate of potassium, K*Si0%; and with silica and 
carbonate of sodium, an intermediate 3 silicate of sodium, 
Na® Si? O7 or (Na*Si0*. Na? SiO). And it will be found that 
all non-aluminous silicates which do not contain an excess of 
silicic anhydride, may be referred to one or other of the three 
types,;— M*Si0* Orthosilicate = 2M?0. SiO? 

M?Si0? Metasilicate = M?*0O. SiO?. 

M®Si07 & Silicate = 38M?0.2S8i0% 

If we consider alumina as always basic, then there are silicates 
in which the basicity exceeds that of the tetrabasic group; but 
the basic or acidulous function of alumina in many minerals is 
yet sub judice; and if we exclude aluminous minerals, we shall 
find that the tetrabasic are the most highly basic of all known 
silicates, natural or artificial. As illustrating the existence of 
the above three classes of silicates, I append the following lists, 
which are capable of considerable extension. It is observable, 
however, that the orthosilicates are far more numerous than 
either the meta- or $ silicates,—that they are, in fact, the normal 
salts, both as regards constitution and distribution. 


Crass I. Orthosilicates. 
Type M?* Si 0%, corresponding to M® PO? orthophosphate. 


Et* Si O* Silicie ether (2 vols.). 
Li* $i O* Orthosilicate of lithium (Yorke). 
Na? $i O# Orthosilicate of sodium (Yorke). 
Ca* Si O4 Orthosilicate of calcium (Sefstrom). 
Mg? Si O* Olivine ; chrysolite. 
Ca* Mg? Si O# Batrachite. 
Zn* Si O*.H?O Zine glance. 
Gl* Si O7 Phenakite. 
Y¥*Si 0+ Gadolinite. 
Ce* Si O* Cerite. 
zr4 $i O* Zircon. 
Mn‘* Si O# Orthosilicate of manganese. 
Mn? GI? Si O* Helvine. 
Fe? Si O74 Fayelite ; forge-cinder. 
(Mg Fe)*Si O* Hyalosiderite. 
Fe? Mn? Si O* Knebelite. 
fé Si O# Yellow earth (Kuhn). 
( fe Fe Ca)* Si O4 Ilvaite. 
Cu? H? Si O* Dioptase. 
al* $i O4 Bucholzite. 
al? Ca? Si OF Garnet ; idocrase ; vesuvian. 
a Ca Si O Wernerite ; anorthite. 
al? (CaNa)!8i O# Thomsonite. 


al? Mn Si O4 Karpholite. 
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In addition to these comparatively simple orthosilicates, which 
can be readily formulated, there are a great number of complex 
silicates, containing mixtures of several bases, proto-equivalent 
and sesqui-equivalent, which evidently pertain to the formula 
M?*S8i Of or 2M?0. Si O?, because, despite great variations in 
composition, the ratio of the oxygen in the base to the oxygen 
in the anhydride invariably equals 2. Such, for instance, are 
harmatome, prehnite, chabasite, mesotype, &c. (Laurent). 


Cxrass II. Meéasilicates. 
Type M? Si 0%, corresponding to M P O® metaphosphate. 


K? Si 0 Metasilicate of potassium (Yorke, Rose). 
Na? Si 0?.H?O Metasilicate of sodium (Forehhammer). 
Ca? Si 0? Wollastonite. 
Mg? Si 0% Picrosmine ; aphrodite. 
Ca Mg Si 0? Augite. 
(Ca Mg Fe)?Si0# Diallage. 
Fe? Si O% Iron slag (Sefstrom). 
Mn Fe Si 0% Pyrosmalite. 
al? $i O® . H? O Clay (Brongniart, Malaguti). 
fe? 8i OF Nontronite. 


Cu? Si 0% . H? O Chrysocolla. 


Cxuass III. 3 Silicates. 
Type M® Si? 0”, corresponding to M* P? 07 pyrophosphates. 


Naf® Si? 07 Silicate of sodium (Yorke). 
M¢% Si? 07 Ophite ; noble serpentine. 
al’ $i? O7 Clay (Forchhammer). 
(alMg Fe)®Si? O07 Cordierite (Laurent). 
Ca? al? Si? O7 Sarcolite. 
Fe® Si? 07 Iron slag (Sefstrom). 


S&S? 07. H? O Hisingerite. 
Fe? a/4 Si? O” . H? O Ottrelite 

From the foregoing lists, we perceive that phosphates and sili- 
cates are strictly comparable with one another. But a compa- 
rison of the phosphoric acids with their corresponding silicic 
acids is impossible, from our ignorance of the constitution and 
properties of the latter acids, if indeed they have any existence. 
But we should not, I think, expect to observe any decided differ- 
ences in the three modifications, seeing that even in the phos- 
phoric acids, despite the facilities afforded by their soluble con- 
dition, the distinctions are not of a highly characteristic kind. 
We might even speculate upon what our knowledge of the 
varieties of phosphoric acid would now have been, if the ortho- 

2B2 
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phosphate of silver had chanced to be of a white, instead of a 
yellow colour. 

The relations of nitrates and phosphates to carbonates and 
silicates respectively are very interesting. Ordinary nitrates and 
carbonates correspond to metaphosphates and metasilicates ; but, 
as we shall presently see, representatives of orthophosphates and 
orthosilicates are not entirely wanting. 

The analogy of composition between nitrates and metaphos- 
phates is obvious, the analogy of properties is doubtless slight ; 
but, admitting them to be comparable salts, we should scarcely 
expect to find any striking resemblance between them, seeing 
that nitrogen is so widely separated from the other members of 
its family, precisely as are fluorine, oxygen, and carbon from 
the other members of their respective families :-— 


Fluorme Chlorine, bromine, iodine. 

Oxygen Sulphur, selenium, tellurium. 

Nitrogen Phosphorus, arsenic, antimony, bismuth. 
Carbon Silicon, titanium, &c. 


Now, in accordance with the general law, that binary hydrides 
yield ternary or ox-acids containing the same number of hydrogen 
atoms, we should expect that ammonia, or the ter-hydride of 
nitrogen, so analogous in most of its characters to phosphamine, 
PH, would, like that body, yield terhydric acids and terbasic 
salts. Such, however, is not usually admitted to be the case; 
but, by regarding our ordinary nitrates as analogues of the meta- 
phosphates, we are naturally led to inquire’ whether the habi- 
tudes of the metaphosphates, M PO®, in their relations to the 
orthophosphates, M3 PO4, may not be paralleled to some slight 
extent in the nitrates, MNO*?,—whether they may not havea latent 
tendency to take up an atom of base, and thereby become what 
we may term orthonitrates, M? NO4, that is, quadroxidized com- 
pounds of metallicized ammonias. We are acquainted with a 
great variety of basic nitrates, and among them some may be 
found which have a composition represented by the general for- 
mula (M?O0 . MNO®) or M3 NO*. But we know that basic salts 
comprise salts formed under very various circumstances, modelled 
upon different types, and having little in common with one 
another, beyond the fact of their super-basicity. Unless there- 
fore the salts having the general formula M? NO*, have certain 
special properties, distinguishing them from the ordinary run of 
basic salts, very little stress can be laid upon the accident of 
their composition. But we find, in reality, that basic nitrates of 
the above formula are remarkable from the circumstances attend- 
ing their formation, from their crystalline character, and from 
their solubility in water. Thaus— 
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Bi"NO*. H?O (Becker) Semicrystalline, silky, soluble. 


Pb? HNO* (Pelouze) Soluble crystalline salt. 
Pb? NO* (Berzelius) Sparingly soluble. 
Hep? NO? (Kane) Insoluble salt. 
(Hg,)? HNO* (Kane) Crystalline yellow salt. 
(Hg,)? HNO* (Gerhardt) Large oblique rhombic prisms, 


almost colourless, soluble in water. 
Formula disputed. 


Moreover, precisely as there are intermediate quadribasic 
phosphates, or pyrophosphates, with seven atoms of oxygen, so 
ought there to be intermediate quadribasic nitrates with seven 
atoms of oxygen ; and we have, at any rate, one marked example 
of this class of salts, in the ethyl-nitrate of mercury, Hg? Et N? 07, 
analogous to sodio-pyrophosphate of copper, Cu® Na P? O7, and 
to double pyrophosphates in general. ‘To this class may also be 
referred two soluble crystalline mercurous and mercuric salts 
having the respective formule (Hg,)? HN?O7 (Gerhardt) and 
He* N? 07. 2H? O (Mitscherlich). 

The most highly basic class of carbon salts that we usually 
admit are the carbonates, M? CO%, bibasic salts analogous to the 
sulphites, M? SO®, precisely as the most highly basic nitrogen 
salts that we usually admit are the nitrates, MNO®, monobasic 
salts analogous to the chlorates, MC1O°. But precisely as we 
obtain an orthonitrate, M3 NO4, analogous to a normal phos- 
phate, by adding an atom of protoxide to a nitrate, so do we 
obtain an orthocarbonate, M4 CO4, analogous to a normal sili- 
cate, by adding an atom of protoxide to a carbonate. We are 
acquainted with a considerable number of well-defined ortho- 
carbonates, constituting, in fact, the class of salts usually known 
as dicarbonates, of which the following are examples :— 


Ca* CO‘ Dicarbonate of calcium. Half-burnt lime. 
Cat CO*. H?O Hydrated dicarbonate of calcium. Disinte- 
grated lime. 

Zn* CO*.2H2O Hydrated dicarbonate of zinc. (Schindler.) 
Pb*CO*. H?O Hydrated dicarbonate of lead. Crystalline. 
(Yorke, Bonsdorff.) 

Cu* CO?. Dicarbonate of copper. Mysorine. 
Cu*CO*. H?0O Malachite. Crystalline ? 


Possibly also certain hydrated salts may belong to this class. 
Thus the carbonate of sodium that results from the exposure of 
the crystallized salt to the air, may be either a hydro-dicar- 
bonate, H? Na? CO4, or a hydrated carbonate, Na* CO®. H?O, 
&e. 

We are acquainted likewise with a few carbonates, known as 
sesquibasic carbonates, containing seven atoms of oxygen, and 
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intermediate in composition between ordinary carbonates and 
ortho- or dicarbonates, precisely as the pyrophosphates are in- 
termediate between metaphosphates and normal phosphates. 
Thus Fritzsche has described a carbonate of magnesium having 
the formula Mg® C?07.3H?O. According to Mulder and 
Hochstetter, white lead has the formula Pb® C? O07. H?0. Moun- 
tain blue, a crystalline mineral, has the formula Cu® C? 07. H? O, 
and carbonate of bismuth the formula Bil”? C? O7.H?.0. These 
last three compounds may also be represented as orthocarbon- 
ates, with the respective formule Pb? HCO*, Cu? HCO‘, and 
Bil” HCO*. 

The following Table illustrates the relations of the meta- and 
ortho-salts above spoken of, to one another and to other similar 


salts. 
a 
| Monobasic, Bibasic, Terbasic, Tetrabasic, 4 
HF. HCl. H?0.H?S. Ho NSHP. H?C. H*Si? 
H C103 Chlorate. M?S0O3 Sulphite. 
{ H NO® Nitrate. M?CO? Carbonate. M? PO? Phosphite. 


M3NO#4 Orthonitrate.| { M* CO4 Orthocarbonate. 
M C104 Perchlorate. M?S0? Sulphate. M3 PO4 Phosphate. | { M‘4Si04 Silicate. z 


| | MPO Metaphosphate. || M?SiO# Metasilicate. 


| 


Hence it appears that a certain relation which exists between 2 
the terbasic and monobasic groups, is paralleled by a similar iy 
relation between the tetrabasic and bibasic groups. In phos- ‘ 
phates and silicates, the dominant tendency is to form ortho- f 
salts with four atoms of oxygen; in nitrates and carbonates the 
dominant tendency is to form metasalts with three atoms of é 
oxygen ; but each class manifests both tendencies. Metaphos- ‘ 
phates and metasilicates on the one hand approximate to an- i 
hydro-salts, while orthonitrates and orthocarbonates on the other : 
hand resemble super-basic salts. It is observable that both 
metaphosphates and nitrates, metasilicates and carbonates, differ : 
from normal ter-oxysalts such as chlorates, sulphites, and phos- 
phites, in their absolute moxidizability. 


LVIII. On the Analytical Forms called Trees.—Part II. 
By A. Cayuey, Esq. 


[Continued from vol. xiii. p. 176.] 


HE following class of “trees” presented itself to me in 
some researches relating to functional symbols ; viz., attend- 
ing only to the terminal knots, the trees with one knot, two 
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knots, three knots, and four knots respectively are shown in the 
figures 1, 2, 3, and 4: 
Fig. 4. 
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and similarly for any number of knots. The trees with four 
knots are formed first from those of one knot by attaching 
thereto in every possible way (one way only) four knotted 
branches; secondly, from those with two knots by attaching 
thereto in every possible way (three different ways) four knotted 
branches; and thirdly, from those with three knots by attaching 
thereto in every possible way (three different ways) four knotted 
branches,—the original knots of the trees of one knot and two 
and three knots, being no longer terminal knots, are disregarded. 
The total numbers of trees with one knot and with two and three 
knots being respectively 1, 1, 3; the total number of trees with 
four knots is 1.1+8.1+3.3=13. And in general, if the 
oer of trees with m knots is dm, then it is easy to see that 
we have 


m= + 


\ 


N 


\ \ 
\ 
es 8 


m—1 m—1.m—2 m—1 
Py ta ce: SNe eC par ad 
Tree, 2 


1 
or what is the same thing, 
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Whence if 
ay sear t Wee C RY 
u= T? +75? ak 


we obtain 
e.u= ol 


+ x. (1+¢2) 
+ 7g ($l +2624 $3) 
+ &e. 


= 2g1—1 
+ « . 262 
ab 


2 
12 768 
+ &e.; 


ak 


that is, 
eu=2u—1, 
and thence 


et! 
ogee 


which gives for dm the expression 
gm=1.2.3...(m—1) coeff. e”-! in a 
and the value of ¢m might easily be obtained im an explicit form 
in terms of the differences of the powers of zero. The values of 
gm are, for 
mah, Bee Bp w Agr bgt i), 7, 8, &c. 
¢@m=1, 1, 8, 18, 75, 541, 4683, 47293. 

In the foregoing problem, the number of branches descending 
from a non-terminal knot is one, two, or more. But assume 
that the number of branches descending from a non-terminal 
knot is always two; so that attending, as before, only to the 
terminal knots, the trees with two knots, three knots, four knots 
respectively are shown in the figures, 5, 6, and 7. 


Fig. 5. Fig. 6. Fig. 7. 


MAMMA 


This corresponds to the following problem in the theory of 
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symbols; viz. if A, B, C, D, &c. are symbols capable of succes- 
sive bmary combinations, but do not satisfy the associative law, 
what is the number of the different significations of the ambi- 
guous expressions ABC, ABCD, ABCDE, &c. respectively ? 
For instance, AB has only one meaning ; ABC may mean either 
A.BC or AB.C. In like manner ABCD may mean A(B.CD), 
or AB.CD, or (AB.C)D, or (A.BC)D, or A(BC.D); the 
numbers 1, 2, 5 being those of the trees in the last three figures 
respectively ; and similarly for any greater number of symbols. 

Let gm be the required value corresponding to the number m ; 
then we may in any manner whatever separate the number m 
into two parts m!, m'', and then combining inter se the m! knots 
(or symbols) and the m knots (or symbols) respectively, ulti- 
mately combine the two combinations; hence a part of dm is 
gm'. gm". The assumed definition of dm does not apply to the 
case m=1; but if we write 61=1, then the foregoing conside- 
ration shows that we have 


gm= g1d(m—1) 
as CaO ise) 


+ $(m—1)¢1) ; 
from which it is easy to calculate 
$1=1, d2=1, ¢3=2, 64=5, $5=14, $6=42, $7=132, ke. 
But to obtain the law, consider the generating function 
u=$1+a#$2+ 27634 Ke. ; 
we have 
=$] pl +a(hl 62+ 42 1) +a*($l 434 $2 $2+43 $1) + Ke, 
which is 
= $2 +2963 + 2764+ &e. ; 
and we have therefore 
aw=u—1, 
and consequently 


a 1— cole Ei 
22 
But 
a 1 o:—2 e_ 2:—2:—3 3 


1 
=1—227—22?—423—1024 + &e., 
and therefore 
u= 2a MATH 14 1a + 20° 450+ &ec., 
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the series of coefficients 1, 1, 2, 5, &c. agreeing with the values 
already found. The expression for the general term is at once 
seen to be 
2.8.5...2m—8 
ONT AabeBeaom 


m—1 
ea 


which is a remarkably simple form. 


2 Stone Buildings, W.C., et 
June 9, 1859. 
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An Essay on the Theory of Equations. By G. B. Jzrraxn. 
London: Taylor and Francis. 


bel main object of this pamphlet is to show that the general equa- 

tion of the fifth degree admits of solution. Has Mr. Jerrard 
succeeded in establishing this proposition? We shall not take upon 
ourselves to affirm it. Lagrange, Vandermonde, Euler, Galois, and 
many other distinguished mathematicians who devoted their powerful 
intellects tothe question, failed in obtaining a direct answer—although 
the investigations into which they were thus led have made us 
acquainted with many propositions of great beauty and generality, 
and have considerably extended the domains of algebra. 

But Mr. Jerrard’s result is in direct opposition to a proposition 
given by Abel, the proof of which, afterwards simplified by Wantzel, 
has been received by eminent analysts. 

Now it is impossible for both conclusions to be correct; and 
having looked very carefully into Wantzel’s proof as given by Serret 
(Algebre Supérieure), we acknowledge we can find no flaw in it. 
Mr. Jerrard’s solution runs to such a length, and is besides so intri- 
cate from the constant introduction of new symbols, that we fairly 
confess we had not courage to go through the whole of it. Mr. 
Jerrard is a veteran in this subject, and has done good service. To 
him we owe a remarkable proposition, which enables us to trans- 
form any equation into another which shall want the second, third, 
and fourth terms, or else the second, third, and fifth, by the solution 
of a cubic equation in the former case, and a biquadratic in the latter. 
Any investigation of his must therefore not be rejected hastily, even 
when in contradiction to others. In the present case, however, 
instead of limiting his conclusion to the statement, ‘‘ whence I infer 
the possibility of solving any proposed equation of the fifth degree,” 
it would certainly be worth his trouble to obtain the solution and 
apply it to one of his own simplified trinomials. 
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. es following communications were read :— 
“ New Volatile Organic Acids, from the Berry of the Moun- 
tain Ash.” By A. W. Hofmann, LL.D., F.R.S. 

Whoever has been engaged in the preparation of malic acid from 
the juice of the unripe berries of the Mountain Ash (Sorbus ducu- 
paria), cannot have failed to perceive the peculiar powerful odour 
evolved during the evaporation of the liquid partially saturated with 
lime. The body to which this odour belongs was hitherto un- 
known, and only lately, my friend and former pupil, Dr. George 
Merck of Darmstadt, when preparing malic acid on a large scale, 
conceived the happy idea of evaporating the liquid in a distilling 
apparatus. He thus obtained an acid distillate, from which he suc- 
ceeded in separating an oily body possessed of acid properties. To 
the kindness of Dr. Merck I am indebted for an appreciable quan- 
tity of this remarkable body, which has enabled me to examine its 
properties and establish its composition. 

The preparation of the oil from the aqueous acid obtained by 
distilling the mother-liquor of the bimalate of calcium, presents no 
difficulty. The liquid is saturated with soda, evaporated and mixed 
with dilute sulphuric acid, when the oil rises as a brown layer to the 
surface of the liquid. It is separated by ether, and after the volati- 
lization of the latter, submitted to distillation. The first portions 
of the distillate contain appreciable quantities of water ; the thermo- 
meter, however, rapidly rises above 200° C. What now distils is a 
perfectly pure compound, which, on redistillation, exhibits a con- 
stant boiling-point at 220°C. Freshly distilled, the oil is colourless, 
but it soon acquires a yellowish tint. It has a peculiar aromatic 
odour, not disagreeable when dilute, but rather offensive when con- 
centrated. The specific gravity is 1:0681. It is somewhat soluble 
in water, very soluble in alcohol and ether; these solutions are di- 
stinctly acid. The oil dissolves in potassa and ammonia, also in the 
carbonated alkalies, without, however, expelling their carbonic acid. 
Mineral acids separate it again from these compounds. 

The analysis of the oil shows that it contains carbon, hydrogen, 
and oxygen in the ratio of 

C,H,0O; 

but the determination of the silver in a white amorphous silver com- 
pound, obtained by adding nitrate of silver to the ammoniacal solu- 
tion of the oil, shows that this expression must be quadrupled, and 
that the acid and silver-salt are represented by the following 
formulee :— 

Bed. gC... 

Silver-salt C,, [H, Ag] O,. 
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The acid oil of the mountain-ash berry exhibits a very remarkable 
deportment with the alkalies and acids. When gently heated (a 
temperature of 100° is sufficient) with solid hydrate of potassa, or 
when boiled with concentrated hydrochloric or moderately dilute 
sulphuric acid, the oil is readily converted into a splendid crystalline 
acid, greatly resembling benzoic acid in its general characters, which 
has the same composition as the oil itself. I have established this 
remarkable isomerism both by careful observation of the conditions 
of transformation, and by the analysis of the crystalline acid as well 
as of some of its salts and derivatives. I propose to designate this 
new compound by the term sorbic acid, thus reviving an old name 
which had at one time been used for malic acid. The isomeric oil 
obtained by distilling the juice of the mountain-ash berry, the acid 
properties of which are much less pronounced, may then be called 
Parasorbic acid. 

Sorbie acid.—This substance is readily soluble in alcohol and 
ether, less so in water. Heated with a quantity of water insuffi- 
cient for solution, it fuses; the aqueous solution, saturated by ebul- 
lition, solidifies on cooling into a network of interlaced needles. The 
acid crystallizes best from a mixture of alcohol and water, in which 
the latter predominates ; from this solvent it is often deposited in 
magnificent needles several inches in length. Sorbie acid fuses at 
134°°5. It boils at a much higher temperature, and may be volati- 
lized without decomposition. 

The alkaline sorbates are all soluble in water, the potassium, 
sodium, and ammonium compounds are extremely soluble, and ery- 
stallize with difficulty ; the barium and calcium salts are less soluble, 
and may be obtained in splendid scaly crystals of the lustre of silver. 
Their crystallization is facilitated by the addition of a small quantity 
of alcohol. Both salts are anhydrous, their analysis agreeing with 
the formule 

Sorbate of barium. ... . C,. [H, Ba] O, 
Sorbate of calcium .... C,,[H,Ca] O,. 


The silver-sali is a white amorphous precipitate, extremely inso- 
luble in water, readily obtained by the decomposition of the ammo- 
nium compound by nitrate of silver. Both combustion and silver- 
determination proved this salt to be 

Sorbate of silver ..... CH, Asloe 

The ether of sorbic acid is readily procured by treatment of the 
alcoholic solution of sorbic acid with hydrochloric acid, or by the 
action of chloride of sorbyle upon alcohol. It is a colourless liquid 
of an agreeable aromatic odour resembling that of benzoic ether, 
boiling at 191° C., and containing :— 


Sorbate of ethyle C,, H,,O,=C,, [H,(C, H,)]O,. 


The experiments which I have quoted are sufficient to fix the 
composition of sorbic acid. I have nevertheless produced some 
additional derivatives of the acid. 

Chloride of sorbyle is obtained by the usual processes; by the 
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action of pentachloride of phosphorus upon the acid, or of the 
trichloride of phosphorus upon the potassium compound. The 
limited amount of acid at my disposal did not permit me to procure 
this substance in a state of purity, and to establish analytically the 


formula C,,H,0, C1 


assigned to it by theory; but this formula is indirectly proved by 
the deportment of the crude product, still containing chloride of 

hosphorus—with water, when sorbic acid is at once reproduced ;— 
with alcohol, when sorbic ether is obtained ;—with ammonia and 
phenylamine, when respectively, sorbamide and phenyl-sorbamide 
are generated. The chloride is not volatile without considerable 
decomposition. 

Sorbamide.—This substance is formed by the action of dry car- 
bonate of ammonium upon the crude chloride of sorbyle. White, 
readily fusible needles, soluble in water and alcohol. Composition of 


C,H, 0, 
Sorbamide H,,H,NO,= 4 N. 
H 


Phenyl-sorbamide is obtained by replacing the ammonia in the 
previous process by phenylamine. After treatment with water an 
oily liquid remains, which gradually solidifies into a crystalline mass. 
I have not analysed it, its composition being sufficiently characterized 
by theory. 

When distilled with an excess of hydrate of baryta, sorbic acid 
exhibits the deportment of the acids with four equivalents of oxygen ; 
carbonate of barium is produced, whilst an aromatic hydrocarbon 
distils over. The limited amount of material has precluded for the 
present the possibility of a more minute examination of this body. 

Sorbie acid is obviously the first term of a new series of well-cha- 
racterized organic acids, closely allied to the ordinary fatty and 
aromatic acids, occupying, in fact, a sort of intermediate position be- 
tween the two. On comparing sorbic acid with the terms of the 
fatty and aromatic acid-series containing equal quantities of carbon, 
the hydrogen of sorbic acid stands in the middle, 


o: Lee O, Cy Hy O, Cr H, O, 
~_~—S —., —— u~._—" 
Caproic Sorbie Lower homologue 
acid. acid. of benzoic acid. 


The same temark applies to the carbon of sorbic acid when con- 
trasted with the fatty and aromatic acids containing an equal quan- 
tity of hydrogen, 


C,H, 0, C,, H, 0, C,, H, 9, 
—— , — ——. — {fe ———$ 
Butyrie acid. Sorbie acid. Toluic acid. 
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“Further Remarks on the Organo-metallic Radicals Mercurie, 
Stannic, and Plumbie Ethyle.’—No. III. By George Bowdler 
Buckton, Esq., F.R.S., F.L.S., F.C.S. 

On resuming my inquiries into the nature of these organo-metals, 
I have met with some interesting reactions, which I here wish briefly 
to notice. 

The preparation of mercuric, stannic, and plumbic ethyles, through 
the action of zincethyle on various organic and inorganic salts, has 
been already detailed in my sketch published in the ‘ Proceedings of 
the Royal Society* ;’ but at that time, I was not able to fix, with 
certainty, the constitution of the compounds which were produced 
by acids on the different radicals. An appeal to analysis now en- 
ables me to state the following : 


Mercuric ethyle. 


The reactions of this liquid are well-marked. Towards sulphuric 
and hydrochloric acids it follows the deportment of its homologue 
mercuric methyle. When assisted by gentle heat, one equivalent of 
ethyle is disengaged, which unites with the hydrogen of the acid, and 
forms hydride of ethyle, whilst the acid takes its place, and gives rise 
to the corresponding salt of mercurous ethyle. 

The radical bursts into flame when poured into chlorine gas, and 
is almost entirely destroyed ; but when it is slowly mixed under water 
with iodine or bromine, the disengagement of ethyle gas is scarcely 
perceived, and iodide or bromide of ethyle may be recovered by 
distillation. 


4 (Hg, H,)+2 H80,=2 (Hg, C, H,) 8,0,+2 (C,H, H) 
Vi Y 2 


ss 
Mercuric ethyle. Sulphate of ' Hydride of ethyle. 
mercurous ethyle. 
2 (Hg C, H,) +2 Br=Hg, C, H, Br+C, H, Br. 
—S YH es 
Mercuric ethyle. Bromide of Bromide of ethyle. 
mercurous ethyle. 

From considerations connected with the vapour density of mercuric 
ethyle and mercuric methyle, as given by experiment, there seem to be 
reasons for believing that the formule of all the organo-metals of this 
group should, in correctness, be doubled. I have not, however, yet 
been able to satisfy these views by direct experiment. Zincethyle 
acts readily on salts of mercurous methyle; and in all probability 
gives a body compounded of ethyle and methyle with a double equi- 
valent of mercury He C Ht . The substance, however, if pro- 
duced, is obviously broken by distillation into the two radicals mer- 
curic ethyle and mercuric methyle. Experiment may perhaps prove 
more successful if salts of stannic methyle be similarly treated. 

The electro-negative character of the group Cp Hy2+1 in the class 
of organo-metals to which zincethyle belongs, may now perhaps be 
considered as established. Some interest, nevertheless, attaches to 


* Phil. Mag. vol. xvii. p. 212. 
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the question whether sodium is capable of displacing ethyle from mer- 
curic ethyle. An answer to this question would give us some means 
of judging the position of ethyle, as regards its electro-negative func- 
tion towards the true metals. 

At ordinary temperatures, sodium has only a slow action on mer- 
curic ethyle, but after the lapse of a few hours a voluminous grey 
sponge is formed, whilst the liquid entirely disappears. This sponge- 
like body has the property of spontaneous combustibility in a marked 
degree, and is liable to explosion from apparently very slight causes. 
By the application of a gentle heat, a strong rush of gaseous matter 
is evolved which eudiometric experiments proved to be a mixture 
of ethylene and hydride of ethyle, obviously proceeding from the dis- 
integration of a double molecule of ethyle. 

From this experiment we should conclude that ethyle, methyle, &c. 
in these radicals are still negative to mercury, and therefore, that mer- 
eury, copper, &c. would not, as Mr. Wanklyn supposes, displace 
ethyle in sodiumethyle*. More probably, perhaps, sodiumethyle is 
first formed in the reaction, 

Hg C, H,+Na=NaC,H,+ Hg, 
and then decomposed by heat, 
2 (NaC, H,)+2Hg=2 NaHe+C,H,+C, H, H. 

The mercury is supposed here to be inert, and in no way to deter- 
mine the decomposition. 


Stannic diethyle. 


Much of the uncertainty which has attached to some of the for- 
mule of the salts of stanethyle, has originated, without doubt, from 
the mode adopted by Léwig in their elimination. Strecker has 
lately shown that many of these compounds may, with probability, 
be referred to the types of the inorganic oxyiodides and oxychlorides 
of tin. 

The following experiments were undertaken with the impression 
that the pure salts of stanethyle might be more advantageously pro- 
cured by acting directly on the radical itself. 

Stannic diethyle, Sn (C, H,),, like mercuric ethyle, loses one of its 
equivalents of ethyle when digested with concentrated acids. The 
action, however, is very slow with hydrochloric acid, an oily body 
being first formed, possessed of an exceedingly pungent odour ; but 
finally a chloride is obtained having the formula 


Sn C, H, Cl. 


This salt produces fine, hard crystals, which are soluble in water, 
and, when pure, almost inodorous. A more ready method of ob- 
taining this chloride consists in adding the radical, drop by drop, to 
a layer of bromine covered with water, until the bromine is decolor- 
ized ; the aqueous solution is then decomposed by potash, which pre- 
cipitates oxide of stanethyle in the form of a white powder, from 
which the pure salts of stanethyle may be readily procured. 


* Phil. Mag. vol. xvii. p. 228. 
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The solubility of these salts in aqueous potash has been rather 
variously stated by Lowig and Frankland, and also their characters 
as odorous and inodorous. The truth is, that unless the salts of 
stanethyle are formed from the oxide, they are almost always con- 
taminated with the above-mentioned oily chloride, the oxide of which 
is soluble in potash. As oxide of stanethyle is not affected by al- 
kaline solutions, these two bodies may be separated without diffi- 
culty. 

The soluble oxide may be recovered from the alkaline solutions by 
distillation. It passes over, together with aqueous vapour, in the 
form of an exceedingly caustic and pungent oil, which blues litmus, 
and has all the characters of a powerful base. Water dissolves it in 
moderate quantities, but precipitates it again on the addition of com- 
mon salt. When deprived of water, the oily base solidifies into a 
crystalline mass. 

This oxide forms definite salts with acids, all more or less pun- 
gent. With hydrochloric and hydriodie acids, uncrystallizable bodies, 
insoluble in water, are produced, but with sulphuric acid it forms 
fine, colourless crystals, which by analysis gave the formula 

Sn, C,, H,, SO, or Sn, (C, H,), SO,. 

For this compound I propose the name of sulphate of distannic 
triethyle. It has, in a remarkable degree, the unusual property of 
being more soluble in cold than in hot water. A cold saturated 
solution becomes semi-solid by raising the temperature somewhat 
below ebullition. 

A consideration of the elements of the above formula furnished 
an idea of these bodies being either double salts, compounded of 
one equivalent of stannic diethyle with one equivalent of any salt, 
Sn C, H, X, or else a combination of three equivalents of stannic di- 
ethyle, with one equivalent of an inorganic salt Sn X,, resulting in two 
molecules of the sesqui-ethylated salt. Thus 

3 Sn (C, H,),+Sn Cl,=2 Sn, (C, H,), Cl. 

Experiment proves that the former bodies mix, but do not combine 
chemically, at any moderate heat. The latter bodies, on the other 
hand, exhibit strong chemical action, and disengage great heat during 
combination. 

Bichloride of tin forms an oily body with stannic diethyle, chiefly 
composed of chloride of distannic triethyle, which by treatment with 
potash may be made to furnish the corresponding salts without 
difficulty. 

Iodide of distannic triethyle may often be found amongst the pro- 
ducts of the action of tin on iodide of ethyle. It is very probably 
identical with the oil noticed by Riche and Cahours, and described 
by them as possessing the pungent odour of oil of mustard. 

These salts also must be considered to be identical with those 
described by Léwig under the somewhat inappropriate name of 
‘«“methylo-stanethyles.”’ The present name is suggested as more in 
accordance with their true constitution. They finally pass, by the 
action of zincethyle, into the radical stannic diethyle. 
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The presence of iodide of distannic triethyle amongst the stannic 
bodies in Léwig’s experiments can be satisfactorily accounted for b 
presuming the incomplete reduction of the iodides by the alloy of 
tin and sodium employed in the reactions. 

The behaviour of zincethyle towards the chlorides of tin may be 
expressed, step by step, by the following equations, the tin-salt being 
supposed to be added to the zincethyle :— 


I. 2ZnC,H,+ Sn Cl=Sn (C,H), +2ZnCl 
Il. 3Zn C, H,+2Sn Cl,=Sn, (C, H,), C1+ 3Zn Cl 
Ill. ZnC,H,+ SnCl,=Sn C,H, Cl+ ZnCl; also 
IV. 2ZnC,H;,+ SnCl =SnC, H,+ ZnC, H,+Zn Cl. 
a5, 


Double compound ? 


I have failed in satisfactorily separating the radical stannic ethyle 
from the excess of zincethyle, as represented in the last reaction. By 
the addition of water great heat is generated, and tin is thrown down 
in its metallic state. 

By distillation also, the radical stannic ethyle is similarly broken up, 


2Sn C, W,=Sn (C, H,),+Sn. 


Plumbie diethyle. 


In the abstract above alluded to, I have stated the difficulties 
which at that time prevented my obtaining the lead radical in a state 
of purity. This difficulty arises from its tendency to decompose 
suddenly at a point below that of ebullition. This disadvantage is 
entirely obviated by conducting the distillation in vacuo, or at least 
under reduced atmospheric pressure. The organo-metal was found 
to distil unchanged under a pressure of 7°5 inches of mercury at a 
temperature of 152° C., the barometer at 30°5 inches. This is a 
remarkable lowering of the boiling-point, which at ordinary atmo- 
spheric pressures appears to be a few degrees above 200° C. 

Analysis gave numbers leading to the formula 

Pb C, H,, or Pb (C, H,).. 

Plumbic diethyle is a limpid and colourless fluid, possessing a 
specific gravity of 1:62. It burns with an orange flame, tinged at 
the edges with pale green, and disengages whilst burning much oxide 
of lead. 

The only salts hitherto prepared from this radical seemed formed 
on the type of the sesquioxides. By passing excess of hydrochloric- 
acid gas over the organo-metal, hydride of ethyle is liberated, and 
chloride of diplumbic triethyle is obtained. 

2Pb (C, H,), +H Cl=Pb, (C, H,), Cl+C, H, H. 
The chloride is a fine crystalline body, occurring in long needles, 
which fuse at a gentle heat, and then take fire, with the character- 
istic lead flame. 

Oxide of diplumbic triethyle may be obtained by heating any of the 
corresponding salts with strong potash, or by acting on a solution of 
the chloride with oxide of silver. It is a crystalline body, which 
fuses into an oil-like liquid, at a gentle heat. 

Sulphuric acid forms an abundant crop of asbestos-like needles 
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when mixed with a warm solution of the chloride of diplumbie tri- 
ethyle. It may also be obtained by neutralizing a solution of the 
oxide, and also by the action of sulphate of silver on the chloride. 

Analysis furnished numbers which pointed to the formula 

Pb, C,, H,, SO, or Pb, (C, H,), SO,. 
All the salts of this sesqui-ethylated base are volatile, and their 
vapours attack the eyes and mucous membrane of the throat. In 
this respect they imitate their homologues in the stannic series. 

In concluding this short abstract, I will only express my belief 
that a wide field of research is still open for inquiry, and that some 
promising experiments are at present in hand, from the right under- 
standing of which we may hope to throw additional light on these 
interesting substances. 


March 17, 1859.—Sir Benjamin C. Brodie, Bart., Pres., in the Chair. 


~ The following communications were read :— 

“On Muscular Action from an electrical point of view.” By 
Charles Bland Radcliffe, M.D., F.R.C.P., Physician to the West- 
minster Hospital, &c. 

The author begins by observing that the signs of electrical action 
in living muscle die out pari passu with the signs of irritability ; 
and, as with these latter signs, their last trace has disappeared 
before the occurrence of rigor mortis. 

It would appear, also, (in so far as electrical action is concerned) 
that there is a close agreement between ordinary muscular contrac- 
tion and rigor mortis ; for in ordinary muscular contraction, as Prof. 
Du Bois Reymond has so well shown, there is a partial disappearance 
of electrical action. Professor Matteucci, however, is doubtful as to 
this, and he maintains, on the contrary, that at this time the “ mus- 
cular current’? is sometimes reversed, and sometimes increased in 
intensity without being reversed. 

In his recent experiments, Prof. Matteucci uses a galvanometer of 
which the ends are so arranged as to get rid of the disturbing 
influences of secondary polarity. Instead of being of platinum 
immersed in a saturated solution of common salt, asin Prof. Du Bois 
Reymond’s arrangement, these ends are of amalgamated zinc im- 
mersed in saturated solution of neutral sulphate of zinc. This 
arrangement, originally proposed by Dr. Jules Regnault, the author 
agrees with Prof. Matteucci in regarding as a great improvement 
upon that used by Prof. Du Bois Reymond; for, says he, ‘‘ not 
only is the disturbing influence of secondary polarity gat rid. of, 
but the entrance of currents into the coil of the galvanometer is 
greatly facilitated. Of this I am satisfied after many comparative 
trials *.”’ 


* The galvanometer used by Dr. Radcliffe was made by Mr. Becker, then of New- 
man Court, after the pattern of the one used by Prof. Du Bois Reymond. The 
gauge of the wire forming the coil is No. 38, or as nearly as possible that of the 
pattern coil; the weight of the wire entering into the coil 1lb. 11oz., the layers of 
the coil 154, the number of coilings 20,020, and upwards of three English miles, 
The needles are cylindrical, with each end sharpened out into a long point, and 
the connecting piece, instead of being made of tortoiseshell, as in Du Bois 
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In the experiment in which Prof. Matteucci finds what he con- 
siders to be the proof of the reversal of the muscular current during 
contraction, he takes a prepared frog’s thigh with a long portion of 
nerve attached, and watches the changes of the muscular current 
which is derived from two points of the uncut surface. On laying 
the thigh upon the cushions which form the electrodes of the galva- 
nometer, the needle diverges under the current of the relaxed muscle ; 
on producing contraction by irritating the nerve with a feeble inter- 
rupted current, the needle immediately travels back and passes to 
the other side of zero. The fact is undeniable, but, according to the 
author, the backward movement of the needle does not indicate, as 
Prof. Matteucci supposes, a reversal of the muscular current during 
contraction. There is, it is true, no secondary polarity in the galva- 
nometer to drive the needle back, as in the case where platinum 
electrodes are used ; but there may be a tendency to oscillate back- 
wards, and the question is whether the mere movement of oscillation 
may not be sufficient to account for the phenomenon. What must 
be done, then, is to compare the rate at which the needle moves 
backward during contraction with the rate at which the needle falls 
backward in simple oscillation; and when this is done, the author finds 
that the needle moves backward more slowly during contraction than it 
does when it is simply left to oscillate in the same direction. It is found, 
indeed, that there is no reverse current during contraction ; for if 
there were, the impulse of this current would be added to the impulse 
of oscillation, and (as is the case where the platinum ends are used) 
the needle would go backwards more quickly during contraction 
than it does when left to fall backwards from the same point under 
the influence of simple oscillation. There is also another way of 
showing the non-existence of a reverse current during muscular con- 
traction, namely, by modifying the experiment in the way which 
Prof. Du Bois Reymond employs to get rid of the secondary polarity 
of the platinum ends. The only difference between the experiment 
as modified and the original experiment is this—that the wire of one 
of the electrodes is broken, and the broken ends are connected by 
being dipped into a small cup of mercury. An arrangement is thus 
made by which the circuit may be easily broken and closed again. 
In performing the modified experiment, the degree and direction of 
the current of the relaxed muscle is first observed. Then the cir- 
cuit is broken by removing the end of the divided electrode out 
of the cup of mercury, and the needle is allowed to return to zero. 
In the next place, the muscle is tetanized, and while in this state, it 
is included in the circuit of the galvanometer by replacing the end 
of the divided electrode in the mercury. The result is simply this, 
that the needle moves in the same direction as that in which it 


Reymond’s instrument, is made of aluminium—a difference by which the astatic 
system becomes a little lighter, namely, 4°5 grains instead of 4:9 grains. In the 
first instance, Dr. Radcliffe used electrodes consisting of a pair of platinum plates 
immersed in a saturated solution of common salt (an arrangement recommended 
by Du Bois Reymond) ; afterwards he used the electrodes recommended by 
Dr. Jules Regnault, and adopted by Prof. Matteucci—electrodes consisting of a 
pair of amalgamated zinc plates immersed in a saturated solution of neutra 
sulphate of zinc. 
2C2 
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moved under the current of the relaxed muscle, but not to the 
same distance from zero. In other words, the muscular current is 
weakened but not changed in direction when the muscle passes 4nto 
the state of contraction. 

In the experiment in which Prof. Matteucci sees an intensification 
of the muscular current during contraction without any change in 
direction, he takes a prepared frog, and after preserving a sufficiently 
long portion of the sciatic nerve, he amputates the thigh above the 
middle joint. Then, taking the lower portion of the amputated 
thigh with the nerve attached to it, and placing the cut surface 
against an electrode of the galvanometer and the uncut surface 
against the other electrode, he watches the needle as it diverges 
under the current of the relaxed muscle. After this, he brings about 
a state of contraction in the muscle, by irritating the nerve with a 
feeble interrupted current, and, looking at the needle, he sees it move 
in the same direction as that in which it had already moved under 
the current of the relaxed muscle. That is to say, the needle 
shows, not weakening or change of direction, but actual intensifica- 
tion. On repeating this experiment, the author finds that it is 
most difficult to draw any safe conclusion from it; for in a thigh 
prepared in this manner it is almost impossible to keep the same 
point of the cut transverse surface in steady opposition to the elec- 
trode. Indeed, the necessary effect of contraction is to draw away 
the cut end from the electrode, and in this way to interrupt the 
entrance of the current of the contracted muscle into the cireuit of 
the galvanometer. The effect of contraction, moreover, is often to 
bring upon the electrode portions of muscle which have not entered 
into the state of contraction, and in this way the only current which 
finds admission into the galvanometer may be that which is derived 
from relaxed muscle. This is often the case, and hence the apparent 
intensification of the muscular current during contraction, which is 
now and then witnessed in this experiment (it is not always wit- 
nessed), may, after all, be due to the irruption of additional quantities 
of the current of the relaxed muscle into the galvanometer. At any 
rate, the experiment is one from which it is most difficult to draw 
any certain conclusions. 

In ordinary muscular contraction, then, there is good reason to 
believe that the muscular current is enfeebled—enfeebled to a degree 
approaching very closely to extinction ; and in rigor mortis all traces 
of muscular current have disappeared. It appears, indeed, as if 
muscular contraction were antagonized by the muscular current. 

In tracing out the history of muscular action from an electrical 
point of view, the author proceeds, in the next place, to consider 
the mode in which the muscular current is affected by the nerve- 
ewrent. In doing this, after describing the peculiarities of the 
nerve-current, and relating a beautiful experiment of Prof. Du Bois 
Reymond, in which it is seen that the nerve-current agrees with the 
muscular current in exhibiting a positive loss of force during mus- 
cular contraction ; he interprets the reactions which must take place 
between the nerve-current and the muscular current by appealing to 
the history of the electrical organ of the torpedo and its congeners. 
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The interpretation is that the reactions during muscular contraction 
are, not between the primary nerve-current and the muscular cur- 
tent, but between the muscular current and the secondary or induced 
currents which may be supposed to spring into existence when the 
primary or inducing nerve-current is suspended or renewed. The 
fact that the nerve-current sinks during contraction, is appealed to 
as an argument that the primary nerve-current is actually suspended 
and renewed during muscular contraction, and that in this manner 
the occasions for the appearance of the secondary or induced cur- 
rents are thus properly provided for. It is pointed out that the 
reactions between the uninterrupted nerve-current and the muscular 
current, and between the muscular current and the induced or se- 
condary currents which come into play when the primary or inducing 
nerve-current is interrupted or renewed, must be altogether different. 
With respect to the reactions which take place between the uninter- 
rupted nerve-current and the muscular current, there is reason to 
believe that these must result in mutual intensification, for the nerve- 
eurrent and the muscular current pass in the same direction. At any 
rate this is the case in the hind-limbs of the frog, or the fore-limbs 
of the same animal, aud in the hind-limbs of the rabbit, dog, cat, and 
mouse. With respect to the reactions which take place between the 
muscular current and the secondary currents which come into play 
when the primary or inducing nerve-current is suspended or renewed, 
there is every reason to believe that the result is altogether different. 
In this case, it appears as if the secondary or induced current must 
involve, not the intensification, but the discharge of the muscular 
current in all the muscle which enters into the circuit of the second- 
ary current. For what is the peculiarity of the secondary current ? 
It is a current of momentary duration, disappearing almost in the 
very instant of its appearing, and carrying along with it in its dis- 
charge any electricity it may meet with in its circuit. Hence there 
is no difficulty in understanding why the galvanometer should afford 
evidence of abatement of the muscular current at the moment when 
the nerves are concerned in producing muscular contraction. Nor 
is there any difficulty in understanding how contraction should be 
brought about by this action of the nerves, if, as there has seemed 
some reason to believe, muscular contraction is antagonized by the 
presence of the muscular and nerve-currents. 

The author proceeds, in the next place, to consider the pheno- 
mena which attend upon the action of the ordinary galvanic current 
upon the muscular current. In this part it is pointed out that there 
is the same broad line to be drawn between the effects of the 
primary galvanic current and of the secondary currents which spring 
into existence when the inducing or primary current is suspended 
or renewed, and by keeping this distinction in mind it is shown that 
an intelligible physical reason may be obtained for the differences of 
the “direct”? and “inverse”? currents for “voltaic alternatives,” 
and so on. The argument is complicated and not easily reducible 
to a few words; it requires, moreover, certain diagrams which 
cannot be used in this abstract ; and therefore we will only say that 
the conclusion to which it leads, is that there must be a distinct an- 
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nihilation of the muscular current during muscular contraction when 
the muscle contracts under the galvanic current, and that the con- 
traction is seen to be most marked when this annihilation is most 
complete. 

** Reflecting upon these facts and considerations,’ the author 
continues, “‘there appears to be nothing in the history of ordinary mus- 
cular contraction which does not harmonize with the electrical history 
of rigor mortis. If the muscular current be present, rigor mortis 1s 
absent ; and in this case it seems as if the state of muscular contrac- 
tion is antagonized by the muscular current. In ordinary muscular 
contraction, to all appearance, it is the same, and when the muscle 
is relaxed the muscular or the artificial current is present, and when 
the muscle is contracted the muscular current is weakened or anni- 
hilated. It seems, indeed, as if the direct effect of the uninterrupted 
current, whether natural or artificial, is to antagonize contraction ; 
and that this is really the case may be argued finally from the fact 
(recently discovered by Dr. Eckhard) that the state of tetanus 
is put an end to by the passage of a constant galvanic current 
through the tetanized parts. 

** Nor is there any reason to suppose that the contraction is pro- 
duced by a kind of correlative transmutation of electricity into con- 
tractile force. In rigor mortis such an idea is scarcely tenable ; for 
here the muscular current has died out slowly, and the contraction 
has not supervened until the last traces have disappeared. In ordi- 
nary contraction, it might be supposed that there had been some 
transmutation of the muscular current into contractile force, or that 
an electric discharge had served as a stimulus to some vital property 
of contractility. But this idea is contradicted (this among other 
ways) by the recent investigations of Dr. Harley upon the modus 
operandi of strychnia. These investigations prove conclusively that 
this poison acts by making the blood less able to appropriate oxygen, 
and by impairing the irritability of the muscles. They prove, that 
is to say, that strychnia produces contraction, by reducing the 
amount of stimulus supplied in the blood, and by rendering the 
muscles less capable of responding to any stimulus. I find also 
that strychnia exercises a directly depressing influence upon the 
nervous and muscular currents. I place the two hind limbs of the 
same frog, properly prepared, one in a weak solution of strychnia, 
the other in plain water, and, leaving them to themselves, I find that 
the nerve and muscular currents have died out much sooner in the 
limb which has been acted upon by the strychnia, Now, in this 
case, the limbs have been left to themselves, and it cannot be said 
therefore that the nerve and muscular currents have been changed 
into contractile foree by any kind of correlative transmutation, 
Indeed, the facts would only seem to be intelligible on the suppo- 
sition that, electrically considered, the strychnia has brought about 
contraction according to the mode which has been set forth in the 
preceding pages. Nor on this view is the fact less intelligible, that 
the respiration of muscle is carried on more energetically in muscles 
which are made to contract than in muscles which are allowed to 
rest. Prof. Matteucci, who has recently ratified this fact by some 
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very elaborate investigations, holds that the chemical actions of 
muscular respiration are transformed into electricity, and the elec- 
trical into contractile force; but there is just as good reason for 
supposing that the increased chemical action may be required to 
keep up the muscular current, which current is being continually 
annihilated by the actions which bring about contraction, And 
thus, after all, the increased respiration of muscles which are made 
to contract, may refer, not to the contraction, but to the renewal of 
the state of relaxation. At any rate, it is scarcely possible to refer 
to this fact as an objection to the view which is set forth in this 
Paper. ‘ 

*‘ Regarded in an electrical point of view then, there appears to be 
good reason for concluding that the history of muscular action is in 
harmony with the theory which I have endeavoured to set forth at 
various times, and more recently in the second edition of a work 
haying for its title, ‘ Epilepsy and other Convulsive Affections, their 
Pathology and Treatment :’—a theory, according to which, in every 
case, pathological as well as physiological, muscular contraction 1s 
produced, not by the stimulation of any vital property of con- 
tractility belonging to muscle, but by the simple cessation of the 
action of certain agents—electricity, nervous influence, and others, 
which had previously kept the muscle in a state of relaxation or 
expansion.” 


‘On the Action of Carbonic Oxide on Sodium-alcohol.” By 
J. A. Wanklyn, Esq. 


Dr. Geuther* found that sodium-alcohol (© uit Jo, when 


gently warmed in a stream of carbonic oxide, yielded not pro- 
pionate of soda, but formiate of soda, with evolution of olefiant gas. 
The reaction, accordingly, might be represented thus :— 

O81 0,40,0,= 79K | 0,40,H, 
and would consist in the replacement of C, H, by C, O,. 

On inspection of Dr. Geuther’s paper it appeared that the above 
reaction was not established with sufficient certainty. The presence 
of C, H, as a gaseous product was not satisfactorily proved by direct 
experiment, but inferred from the production of formiate of soda. 

Berthelot has shown that carbonic oxide is capable of uniting 
with the hydrated alkalies, so as to form alkaline formiates. Also, 
it is extremely difficult, and perhaps impossible, to obtain sodium- 
alcohol free from hydrate of soda. It seemed, therefore, not un- 
reasonable to suspect that Dr. Geuther’s formiate came from hydrate 
of soda accompanying the sodium-alcohol employed in his experi- 
ments. The investigation about to be described shows that such was 
really the case. 

Sodium-alcohol, freshly prepared from sodium and anhydrous 
alcohol, was introduced into small glass bulbs, and hermetically 
sealed therein. One of the bulbs, containing ‘406 gramme of 


* Annalen der Chem. und Pharm. Jan. 1859. 
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erystallized sodium-alcohol, was placed in a flask of 155 cubic 
centimetres’ capacity. The neck of the flask was contracted 
before the blowpipe. Carbonic oxide, after slow passage through 
potash solution, and then through sulphuric acid, was next made to 
fill the flask by displacement. Finally, the contracted neck of the 
flask was closed by fusion, and thus ‘the bulb containing sodium- 
alcohol was inclosed in an atmosphere of pure oxide of carbon. By 
agitation the inclosed bulb was broken, and its contents came freely 
in contact with the carbonic oxide contained in the flask. Particular 
attention was paid during this stage of the process, and the fused 
sodium-alcohol was seen flowing over the inner surface of the flask. 

After a digestion in the water-bath lasting for more than four 
hours, the flask was opened under mercury, when a slight contrac- 
tion was observed in the volume of its gaseous contents. This con- 
traction, amounting to about one-fifth of the entire contents, was due 
no doubt partly to absorption of carbonic oxide by traces of hydrate 
of soda, and partly to the difference between the temperature at the 
time of sealing before the blowpipe, and that at the time of opening 
under mercury. 

The following are the particulars of an examination of the gas 
contained in the flask after the four hours’ digestion at 100° C. 

In order to remove any alcohol vapour, the gas was agitated with 
about one-fifth of its volume of boiled distilled water, when it under- 
went very little diminution in volume—a circumstance which shows 
that no volatile liquid capable of absorption by water had been gene- 
rated during the reaction. 

Some of the washed gas was then treated with a potash bullet and 
with pyrogallic acid, in order to remove any traces of carbonic acid 
and oxygen. The amount of these gases present was very trifling, as 
the readings show :— 


Volume of gas taken (corrected (dry) at 0° C. and 
LOOG millimes:. pressure) 2... 624.23 Pr) aes 65°091 
Volume of gas after potash and pyrogallic acid 
(corrected (ary) at 0° C. and 1000 millims’. 
FITERBUEO) Es a ie pines eke Ets A ads ae a 64°734 


After this treatment a aie of the gas was transferred to the 
eudiometer, in which it furnished the following readings :— 


Corrected 
Tem- volumes 

Volumes. | perature. | Pressure, |4ry at 0°C. 

Cent. and 1000 

millims’. 

pressure. 

3 millims. ari 

Gas taken (MOist) .......ssseeeeeeseeevees 1480 4-9 202°9 29-500 
After the addition of air (moist) ...... 306°5 53 352°8 | 106°077 
After explosion (MOist)........:seceseees 282°1 5°7 330°6 91°357 
After potash (Ary) -..-<cccsecseqsersseseve: 222°] 54 2900 63°161 
After the addition of hydrogen (dry).| 294-0 57 357°1 | 102°884 
After explosion (dry) ..+.s.seeseeseeess 286°4 5°9 350°1 98°150 
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From which is deduced :— 


Rai ATOR Pe mica te av od ova 29-500 
EPORER LclW cela ysis} 10 1-072 

In per: centage. 
Gas free from nitrogen.... 28°428 ........ 100-00 
Carbonic acid. .......... ZO. LOGE whe tice wieie| BOS TS 
eHLPACHOM 525 asc) 6s.<% LACT tee ca eats 51°78 
Oxygen consumed,....... 14°488 ........ 50°96 


The theoretical numbers for carbonic oxide and for olefiant gas 
are as follows :— 


Carbonic oxide. Olefiant gas. 
Molmme taken. S24: sch LOO + sh lascinae 100 
WaEbORIG ACI) towel las Lar lOOUInh aulrees 4 200 
Contractions wc) aah sites aia 50 sey. Se aie 200 
Oxygen consumed.......... BU ete Gok ates 300 


Comparison of the analysis with these numbers will sbow that the 
gas was pure oxide of carbon. Furthermore, if we assume that the 
trifling departure from the theoretical quantities for pure oxide of 
carbon was due to the presence of olefiant gas, and if we calculate 
how much olefiant gas would be required, we obtain a negative value 
for the quantity of olefiant gas from one equation, and a positive one 
from the other equation, viz. :— 

By employing for data the original volume and the carbonic acid 
generated, the value of C, H, is negative. 

Vol. of C, H,=vol. of CO,—original vol.= —0°82 per cent. 


By employing for data the original volume and the contraction, the 
value of C, H, becomes positive. 
Vol. of C, H,=#2 contraction—+ original vol.=1-19 per cent. 


This want of conformity shows that C, H, will not satisfy the condi- 
tions of the case, and may be regarded as excluding the supposition 
that a trace even of C, H, was present in the gas examined. 

When it is considered that on Dr. Geuther’s hypothesis every 
volume of carbonic acid absorbed should be replaced by an equal 
volume of olefiant gas, and when it is borne in mind that sodium- 
alcohol and carbonic oxide must have been less perfectly exposed to 
mutual action in Dr. Geuther’s experiment than in the one just 
described, I think the conclusion cannot be avoided, that that expe- 
rimenter’s formic acid came not from sodium-alcohol, but from 
hydrate of soda. 

In a previous experiment I failed to obtain propionic acid on 
exposing, at 100° C., carbonic oxide along with sodium-alcohol; and 
in so far my result agrees with that of Dr. Geuther. 

To resume: at 100° C. sodium-alcohol is without action on cars 


bonic oxide. 


March 24.—Sir Benjamin C. Brodie, Bart., President, in the Chair. 
The following communication was read :— 
“On the Vertebral Characters of the Order Pterosauria (Ow.) as 
exemplified in the Genera Pterodactylus (Cuv.) and Dinorphodon 
Ow.).” By Professor Owen, F.R.S. &c. 
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March 31.—Sir Benjamin C. Brodie, Bart., President, in the Chair. 


The following communication was read :— 

«The Higher Theory of Elliptic Integrals, treated from Jacobi’s 
Functions as its Basis.” By F. W. Newman, Esq., M.A., Professor 
of Latin in University College, London. 

The peculiarly beautiful properties of these integrals, as treated by 
Jacobi and (in his two supplements) by Legendre, are obtained 
through so very elaborate and difficult a process, that few students 
can afford the time to study them. Professor De Morgan, in his 
‘Integral Calculus,’ declines to enter even the Lower Theory, on the 
ground that the subject requires a detailed treatise. That in some 
sense it is analogous to trigonometry, which no one would desire to 
be treated fully in the differential and integral calculus, has been re- 
cognized by several writers. Legendre, in his second supplement, 
sixth section, took the first steps toward treating Jacobi’s functions 
(A and ©) on a wholly independent basis, by investigating their pro- 
pertics from the series which they represent: but after only two 
pages of this sort, he aids his research by assuming their relations 
to elliptic integrals as already established, which shows that he was 
not seeking for a new basis of argument, but only for new proper- 
ties. The author of the present paper proposes (for didactic pur- 
poses) to commence the higher theory from these functions, The 
first division of his essay is purely algebraic and trigonometrical, not 
introducing the idea of elliptic integrals at all. Adopting as the defi- 
nition of the functions A and © the two equations 

A(q, &) =29¢4(sin 2—q! sin 32+ g?3 sin 5x—&e.) \ : 
O(q, 2) =1—2¢"" cos 2v+2¢?? cos 4z— 29?" cos 6a + Ke. 
it demonstrates by direct algebraic methods many properties of great 
generality, of which we shall here specify— 


1. If VWé stands for a and 4/e for aan ; which is 
227 227 
shown to yield 67+ 7’=1; ahd ie further, A° 6° eye A(q,x+3n), 
6(q, e+ 47); we get the four equations (equivalent to two only) 
A2+bA"=cO?; | AW + 5A?=c0™; 
e?—40"=cA’; 6” —60°=cA"; 
from which it directly follows, that if is an are defined by the 


equation »/é tan Ceuta , we shall have simultaneously ec sin ee ; 
A° 9 


0 0 
Vc cos w= Vb = V(1—e’sin’w)= Vb = The symbol A(e, w), 


A(w) or A represents /(1—e’ sin’ w) in this theory. 
2. It is further shown that 
dA Ao. xs 
A — AA = A%(47).00°; 
dx dx (2n) 
whence is easily obtained 


du dO doe’ 

““OA(e,w). Also O°———0—_=A*(4m). AA’. 

prices GF al ede 

3, By direct multiplication of two trigonometrical series, it is 


found that 
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A(q AG Y=A(Y, ey) -O(@, e+y) 

+O(7, ey) ACG, e+y)5 

O(g, ~)O(% Y=AY, ey). ACP, 7+) 

+O(7, #—y)- OCF ety). 
From the property marked (2) we obtain the connexiou of the func- 
tions A, © with elliptic integrals. For, if F(c, w), as usual, stands for 


( __ dw 

Jo VU sin? w)’ 

it yields F(c, w)OCe; or Fo ie 
C, oT oT 


This introduces the second and principal part of the essay. An easy 
inference from (3) is, that 

ACG, a+y)_ Aan y+ Ayre | 

O(¢,e+y) OxO’y+ OyO2’ 
and consequently that if is related to g and to w+y by the same 
law as w is to ¢ and to 2, while c, is to ¢ what ¢ is to g, we obtain 

esin (w+0) 
A(e, 0) +A(e, 6) 
F(e,, n) Fe, w)+F(e, 0) 
F(¢,37) F( am) 
This formula has the peculiarity of comprising Euler’s integrals, 
with the integrations of Lagrange and of Gauss: namely, if o=96, 
we get the scale of Lagrange; if 6=0, the scale of Gauss is ob- 
tained. But if we introduce a new variable Z, such that 
F(c, £)=F(ec, wo) +F(e, 4), 


we eliminate 7 by aid of the last result 
(whieh is «/e,sin =n): 


4. Ve, sin n= 


when 


A(e, 2) +1 
and obtain J; —Al_csin(wt+8), 
. Ay Aas ae 


which is equivalent to Euler’s integration. 

The author believes this generalization to be new. 

5. He proceeds (assuming now the theory of Lagrange’s scale) to 
prove the higher theorems by much simpler processes. E being the 


second elliptic integral, he writes G for E-— F, and V for {,GdF, 


c 
and out of the integration log A=3V,—V (where V, is to ¢ and 
2x2, what V is to gand x), he deduces ) 
lor, 20% # 
V=log. 6(¢, 0) 
by a process fundamentally that of Legendre, Second Supplement, 
§ 196. This is the equation by which E, and indirectly the third 
integral IJ, is linked to the functions AO. 
6. We may further point out, as perhaps new, the developments of 
A® in the case when q is very near tol. Let 7 be related to 0 as 


q toe; then log 7 log “=a If log am and a=nu, 
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V/a.0(q, ru+ $n )=re + ro uP yp p2tu?t p(3tu?t &e,., 

Va. A(q mut dr )=re—r0 tu)? 4 g(2tu)?— 7(3tu)? 4 &@.: 
in which the double sign denotes ¢wo terms, which must both be in- 
cluded. But besides, if the symbol (7) stand for 

[a—-7)—r*)(—?"*)...&e.J-}, 

V/a.9(r).O(g, rut dr)=r.(1 + 71 #24)(1 + 73424) (1 4 7542u). 
Wa.6(r)..A(q,7u+ 3x )=r? (1 —r' =) (1 — +) (1 — pee)... : 

From these formule not only all of Gudermann’s developments 
for calculating elliptic integrals in every case are deducible, but 
others also, it seems, of a remarkable aspect, in the difficult case of 
q and ¢ being extremely near to 1. 

We produce the two which seem to be simplest. Let B be to 4 


what C is to c, and Tan w represent ae where 2 Sin a stands for 
“a 


e*—e-* and 2 Cosa for e*+e-*. Then when c is very near to 1, 
we compute G and thereby E from the series, 


B.G(e, =" (1 —Tan “) a (2 —Tan =") 
= (1 — Tan =+*) + (: —Tan =") 
a 


a 


Qr+ez 


-( —Tan=**) + (1—Ton == Bei. 
a a 


The third elliptic integral is in the same case deduced from a series 
of the form 


lid .j— {j—tan™(tanj.Tan=)} ne {j—tan-(tanj.Tan7—*) | 
T a 


_— {j—tan-*(tanj.Tan =**)} = {j—tan-1(tanj. Tan ===" 
a 


—Xe.... 

Finally, the essay developes above thirty series which rise out of 

this theory, nearly all of which are believed to be new. The most 

elegant of them may find a place here. Writing, for conciseness, C 
so related to ¢ that F(c, 37)=47C, and .°. F(¢ w)=Cz2, we have 

sin2a ,, sin4dr ,, sin6z 


(a). o=2-+-——— + 


Costa *'Cos2zxa * Cos3ra 


2cos2z ,2cos4x , 2cos 62 
5 > =i Sa = Re “9 
(0) CACe w) of Cos ra is Cos ral Cos 37a he 


102 sin 2 —Ssin2x  2sin4de | 3 sin 6a et 
Reyer Cosza Cos2zra Gant a 7 
1—cos 2x l1—cos 4a 1—cos 62 
d). V a 1 feet we 
( ) (< “) sin 7a@ sin 37a re 


+ &c. 


sin 27a 


28 
~ 


1 __sin2z , sin4dz , sin 6x 
(2): ACES a) sine eit Daa Sasa, Snes 
This is virtually eq. 49 of Legendre’s Second Supplement, § 7. 
In eq. 53 of the same, he has a development of sin’ w, which is given 
by Mr. Newman in a notation similar to eq. (¢) above. 


)} 


———————— UL 
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: 1—cos 22 1—cos 6x 1—cos 10z 
flor Ae, a) ———_— ++. 41 
BY aloe A(c.@) Sinza ° Sin3za °° Sindza 
sin 2 sin 32 sin 5a 
Sindza Sin $ra_ Sin ra 
OS @ cos 32 cos Ov 
h). 4Ce cos w= + + He Clas 
2 Cos3ra Cosira Cos 3ra 


(2). 100, /7=5= sin sin 32 4 sin 5@ sega 


+ &e..,. 


(g). Ce sinw= +&e.... 


1+A Sinza Sin3ra’ Sin5za 


Moreover, Jacobi’s two celebrated theorems follow asa corollary from 
the general propositions here established. 


LXI. Intelligence and Miscellaneous Articles, 


ON THE PRODUCTION OF AZURITE. BY H. DEBRAY. 
pe SURITE may be easily produced by bringing in contact a solu- 
tion of nitrate of copper and carbonate of lime in sealed tubes. 
The reaction takes place at the ordinary temperature, and under a 
very slight pressure. In the author’s experiments, the pressure has 
never exceeded seven or eight atmospheres, and it sometimes de- 
scended to three. 

A tube of about 20 to 25 millims. in diameter, closed at one end, 
is charged with sticks of chalk and crystals of nitrate of copper 
weighed beforehand, so as to furnish an evolution of gas, the pressure 
of which, calculated for the volume given to the tube on closing it, does 
not exceed a certain number of atmospheres. There is always an 
excess of carbonate of lime in proportion to the nitrate of copper. 
The tube is then constricted nearly at the calculated height, after 
having introduced into it a mercurial manometer; water is poured 
into it through a funnel drawn out to a fine point, when the solution 
of the nitrate of copper takes place slowly enough to allow the tube 
to be closed without danger from the internal pressure. ‘The tube 
may also be closed after the dry substances have been placed in it, 
together with another tube containing water; by reversing the ap- 
paratus, the water flows out and the reaction is produced. 

The chalk is first seen to become covered with a greenish substance ; 
by degrees, and after the liquid has lost its colour, this green matter 
becomes converted into mammillated crystals of azurite. By the con- 
tact of nitrate of copper, the chalk is slowly converted into tribasic 
nitrate of copper, 

3(CuO, NO*) + 2(CaO, CO?) =3Cu0, NO*+2(CaO, NO*) +2CO2. 

When the neutral nitrate of copper has once disappeared, there 
remain the tribasic nitrate and carbonate of lime dissolved in car- 
bonic acid; there is then a production of azurite by the following 
reaction :— 

3CuO, NO>+ CaO, 2CO*, HO=3Cu0, 2CO2, HO+ CaO, NO°. 

Carbonate of lime cannot be replaced by alkaline carbonates. If 
tribasic nitrate of copper be mixed with an excess of bicarbonate of 
soda, a paste made of the mixture with a little water, and then the 
whole be heated to about 320° F. in a sealed tube, a well-crystallized 
substance of a fine blue colour is obtained, which might be taken at 
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first sight for azurite. It is separated from the remainder of the 

material by washing with cold water, which does not alter it at 

all. Its composition is represented by the following formula :— 
CuO, CO?+ NaO, CO?. 

This is the first example of a double carbonate of copper, anhy- 
drous and undecomposable by water. 

Bicarbonate of potash also furnishes a crystallized blue product, 
but this is decomposed by water with great facility. 

In these experiments the tribasic nitrate of copper may be replaced 
by any other salt, such as the carbonate; only the alkaline bicarbon- 
ate must be in excess. 

Experiments to produce azurite by the action of carbonic acid at 
high pressures (10 to 14 atrnospheres) upon ordinary carbonate of 
copper or upon malachite, mixed or not with carbonate of lime, gave 
no result. The carbonates were neither dissolved nor altered. 

Becquerel produced azurite two years ago, but his process differs 
essentially from the author’s.—Comptes Rendus, Aug. 1, 1859, p. 218. 

NOTE ON SOME NEW EXPERIMENTS IN ELECTRO-PHYSIOLOGY. 
BY C. MATTEUCCI. 

In delivering my recent course of lectures, I was led to try some 
new experiments upon two points of great interest in electro-physio- 
logy. I long since showed that an electric current which is trans- 
mitted across or perpendicularly to the axis of a nervous filament, 
does not possess, like a current which traverses the nerve longitudi- 
nally, the property of exciting it and producing contractions in the 
muscles in which the nervous filament ramifies. The importance of 
this result, with regard to the still unknown theory of the physiolo- 
gical action of the current upon the nerves, is easily understood. Un- 
fortunately the experiment, which may be easily enunciated, is ex- 
ceedingly difficult to perform in such a way as to lead to a reliable 
result. Whenever I have paid attention to this subject, I have always 
tried to render the experiment more perfect. In my electro-physio- 
logical course I operate as follows. 

Upon a small slip of wood I fix two square plates, of 50 millims. 
in dimension, one of zinc and the other of copper, at a distance of 
about 80 millims. A strip of filtering-paper, or of cloth of the same 
width as the plates, slightly soaked in well- or distilled water, 
is placed upon the two plates. When a copper wire attached to one 
of the metallic plates is brought in contact with the other, a current 
circulates in the moist conductor, having nearly the same intensity 
at all points. A galvanoscopic legysupported upon a plate of gutta 
percha, being rapidly prepared, its nervous filament is stretched upon 
the paper, sometimes parallel to the electric current, sometimes per- 
pendicular to it. Then, whenever the metallic circuit is established 
between the two plates, the frog is seen to contract if the nerve is 
stretched parallel to the current, whilst there is no sign of contraction 
if it be perpendicular to it. ‘This result is constant, whatever be the 
distance of the nervous filament from the metallic plates; and what 
is still more interesting, the contraction takes place when the nervous 
filament, stretched longitudinally, touches the paper for a length 
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of about 2 millims., whilst there is no contraction when the nerve 
placed crosswise touches the paper for a length of 40 or 50 mil- 
lims. I need not say that when the galvanoscopic frog is a little 
weakened, the contraction only takes place at the moment of clos- 
ing the circuit with the direct current, and that with the inverse 
current the contraction occurs at the moment when the circuit is 
broken. 

I must remark here, that in reflecting upon the relation, now well 
established, between the electro-physiological effects of the current 
and its direction in the nerve, the difference in the effects found, 
according as the current traverses a nerve in a direction parallel or 
transverse to its axis, becomes almost a theoretical consequence of 
this relation. 

Although the result of the experiment which I have carefully de- 
scribed is constant and conclusive, I desired to render the experiment 
still more perfect, and to secure it from a kind of objection which 
might be raised against it, on the foundation of the theory of derived 
currents. When the nerve is extended perpendicularly to the cur- 
rent, the current which traverses it, and which depends, as is always 
the case, upon the difference in the electrical states of the points 
touched by the nerve, can only be very weak, in consequence of the 
thinness of the nerve. We have already said that the experiment 
succeeds very well when the nerve traversed in the direction of its 
length touches the paper for scarcely 2 millims., whilst nothing at 
all occurs even when the nerve traversed crosswise touches the paper 
for twenty times this length. This mode of operation answers the 
objection well; but it may be objected that it does not answer it en- 
tirely, because it would be necessary that the nerve extended in the 
direction of its length should only touch the paper for a space equal 
to that which the nerve occupies with its thickness. 

To remove all doubts, in place of having a continuous paper be- 
tween the two plates of the pair, I have two pieces of paper, placed 
on the one hand upon the plates, and on the other nearly in contact, 
so as to leave a space of 1 or 2 millims. between them. I then 
make the experiment by filling up the space only with the nerve of 
the galvanoscopic frog, and having in every case the same length of 
nerve placed across the space, but arranged in such a way as to 
have the nerve traversed sometimes longitudinally, sometimes trans- 
versely by the current. When the experiment is well executed, that 
is to say, by employing a current which is not too strong, and 
nerves sufficiently weakened to render them no longer excitable by 
the passage of the inverse current, the result is the same as that ob- 
tained in the preceding way. 

If I have been very minute in the description of these experiments, 
it must be admitted as my excuse, that, as regards the physiological 
action of the electrical current, it is important to have it rigorously 
demonstrated that the electric current only acts upon a nerve when it 
traverses it in the direction of its length. 

The other result at which I have recently arrived, is the consider- 
able and constant difference in the electromotive power of the muscles 
of frogs, according as these animals have been killed in the natural 
state, or after having been poisoned by urarit. ‘To make this com- 
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parison well, I employed a process which has always been useful to 
me in my old experiments in electro-physiology, and which consists 
in the opposition of two muscular elements which it is desired to 
compare. I have killed a great number of frogs poisoned by urari, 
at the moment when the first effects of the poison were manifested, 
and at the same time I killed a great many similar frogs which had 
not been poisoned. Piles of gastrocnemians taken from healthy and 
poisoned frogs, or a healthy and a poisoned gastrocnemian being op- 
posed, the galvanometer has always indicated a notable differential 
current, denoting that the electromotive power of the poisoned muscles 
had become much more feeble than that of the healthy muscles. 

If this result be compared with that which I obtained long since, 
with muscles belonging to frogs killed with narcotic poisons, and 
which do not exhibit the difference of healthy muscles, we shall be 
led to consider that, as I believe is the result of the experiments of 
M. Bernard, the action of urari is exerted upon the blood and upon 
the nutrition, and consequently upon the function which is, accord- 
ing to me, the source of the electromotive muscular power.— Comptes 
Rendus, June 27, 1859, p. 1145. 


ON THE FORMULA OF KAPNICITE AND WAVELLITE. 
BY G, STADELER. 

The author obtained, through Professor Kenngott, some very pure 
fragments of a mineral which was procured from the collection of 
the Archduke Stephen of Austria, and had been found in Hungary. 
He analysed this mineral, and from the results obtained proposes for 
it the formula 3 Al? O03, 2P05+11HO. ‘The results of the analysis 
are as follows :— 

ALO? ese 38559 52°52 3=154°2 39°02 
POSS ie. ad ag 47°48 2=142:0 35°92 
HO} Scan 24°92 - Li=79970 25°06 


100°00 = 100°00 395°2 100°00 

This composition differs widely from that of Kapnicite, as given 
by VonHauer. The author afterwards obtained specimens of Kapnicite 
from Kapnick, and found in it also a great quantity of phosphoric 
acid and no sulphuric acid, whence he concludes that Von Hauer 
must have entirely overlooked the phosphoric acid in his analyses, 
and that the sulphuric acid found by him was derived from the alka- 
lies employed for decomposing the mineral. 

On this supposition, the amount of water in Kapnicite, as given 
by Von Hauer, is increased by the weight of sulphuric acid (as it 
was calculated from the loss), and we then get a close agreement 
between the analytical results obtained by Von Hauer and the 


author :— Calculated. Stideler. Von Hauer. 
Phosphate of alumina.. 74°94 75°08 75°75 
"WAGE or ieee eter tavere 25:06 24:92 24:25 


The author then compares the existing analyses of Wavellite with 
that of Kapnicite, and concludes that the essential composition of 
the former must be 3 A]2Q3,29P05+13HO. 

Wavellite therefore is distinguished from Kapnicite by containing 
two atoms more water.—Liebig’s Annalen, vol. cix. p. 305. 
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LXII. On Atmospheric Electricity. By F. DettMann*. 


Nem complete account of the results of the observations on 
atmospheric electricity, instituted at this meteorological 
station (Kreutznach) by the command of the government upwards 
of a year ago, will be found in the second Jahresbericht des 
Konigl. meteorologischen Institutes which will appear in the 
course of the present year (1853). We must here limit our- 
selves to a description of the apparatus and method of observa- 
tion, together with a summary of the results. 

lt was clearly proved by Duprez in his essay, Sur [électricité 
de Pair, to which the Academy of Brussels awarded a prize in 
1844, that, in consequence of imperfect insulation, no fixed appa- 
ratus, such as that lately proposed by Dr. Romershausen, can 
ever indicate in a trustworthy manner the true electric condition 
of the atmosphere. The truth of this assertion has been placed 
beyond all doubt by the experiments undertaken at this obser- 
vatory; at the same time two other imperfections inseparable 
from such an apparatus, and to which Duprez does not allude, 
have manifested themselves: these are, first, that the apparatus 
becomes charged too slowly, so that an electric condition of the 
air is often indicated which, both quantitatively and qualitatively, 
has long since ceased to exist; secondly, that the indications of 
the apparatus do not represent correctly the condition of the 


* From Poggendorff’s Annalen, vol. 1xxxix. 1853, p. 258. 

In the 15th Volume of the Phil. Mag. (p. 460), Professor W. Thomson 
communicated a short article from Dellmann, ‘‘ On the Observation of At- 
mospheric Electricity.” The present memoir enters into more details with 
respect to the apparatus, and to the results of the observations made at 
Kreutznach in 1853. The former article, on the contrary, contains a more 
detailed description of the measurer or electrometer, and will consequently 
be sometimes referred to.— TRANSL. 


Phil. Mag. 8. 4. Vol. 18. No, 122. Dec, 1859. 2D 


402 F. Dellmann on Atmospheric Electricity. 


immediately surrounding air, but are vitiated by the action of 
the conductor leading to the measuring instrument. 

It is well known that it is only since 1844 in Brussels and 
Kew, and for the last few years in Munich, that observations on 
atmospheric electricity worthy of the present state of science 
have been instituted. The Brussels observations are imperfect 
from being made only once a day, and those at Kew from being 
made with imperfect instruments. At Brussels the Munich obser- 
vations are considered, not unjustly, to be deteriorated by faulty 
graduation of the measuring instrument; but this objection ap- 
plies more or less to the Brussels observations themselves. In 
undertaking similar observations for the Prussian government, 
my endeavour was to avoid the errors of the existing observa- 
tions, and to appropriate as much as possible their good qualities. 
At all events the method followed at Brussels appeared to me to be 
the best, though it could only be partially applied, since I wished 
to make use of my own instrument*, which undoubtedly excels 
all others in precision and convenience. All difficulties arising 
from the absence of a tower, and from the disturbing action of 
two neighbouring and much higher houses, were overcome by 
the following construction of the collecting apparatus. 


I. APPARATUS. 
a. The Collector. 


Two strong iron bars, a and b (see Woodcut), at a distance of 
about 2 metres from each other, were passed through the S.W.gable- 
wall, and in the inside fastened to wood. The upper bar a is about 
14 metre distant from the summit of the gable. Each bar projects 
about a foot from the wall outside, and bears a ring at its extremity, 
which can be easily withdrawn and replaced by others. Through 
these rings passes a deal rod c, 22 feet long, capable of being 
drawn up and down by means of a rope passing round a drum 
to which an iron ratchet-wheel is attached. The deal rod when 
drawn up is held fast by means of a ratchet. In order that the 
rod may be always drawn up to the same height, the hook d at 
its lower extremity, to which the rope e is attached, is bent at 
right angles, after being screwed into the axis of the rod, so that 
the bent part fits close to the under surface of the rod, and by 
striking against the lower ring, arrests all further ascent. The 
rod is placed between two windows, f and g, before one of which 
is a balcony, whilst before the other hangs a brass wire h, pro- 
vided at the bottom with a brass handle 7, and at the top fastened 
to a copper crooked lever (Winkelhebel) k, which passes through 
the deal rod about 6 inches from its upper end. The upwards- 


* Described in Poggendorff’s Annalen, vol. Ixxxvi. p. 524. 
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directed arm of this lever has at its top a horizontal broader 
part, about 14 inch in length, slightly bent around the rod. 
The crooked lever is 
so fastened into the 
rod by a pivot, that, 
after the handle be- 
low has been pulled 
at, it falls back by its 
own gravity. The 
lower arm of the le- 


ver, from one side of g Sly ‘Sil, ®, 
which thedescending gy fi | TVS 
wire hangs, is flat and = Ay A 


OTT 


[M\ 
about 1 inch broad, : 
so as to move safely 
and easily in the slit 
of the rod. On the 
top of the rod is fixed 
a copper box /, with a 
partition in the mid- 
dle which separates 
the lower half, de- 
stined to fit on to the 
rod, from the upper, 
into which is fixed 
the carrier m of the 
collecting sphere n. 
This carrier m has a 
Skel-lae foot resting it fo 3 i ot oo 
on a thick plate of 
caoutchouc, and at 
about 5 inches from dl 
its lower extremity is ae 
surrounded by athick 
ring of shell-lac, upon 
which sits a thick 
eaoutchouc ring; so 
that by meansof these 
two contrivances it 
stands insulated in its box, and can be struck with the crooked 
lever k without danger of breaking off the shell-lac. This shell- 
lac is everywhere as smooth and polished as possible, so as to 
admit of being conveniently and carefully freed from dust and 
moisture. The copper collecting sphere m, 6 inches in diameter, 
is fastened to the carrier m by means of a screw. The box, and 
with it the sphere, can easily be withdrawn from, and replaced 
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upon the rod c. In order that the collector may not be over- 
thrown by high winds, the box carries at its lower edge a loop or 
staple, through which, when necessary, a hasp, fixed to the rod 
by a small wooden screw, can be passed. The carrier m is also 
of copper } of an inch thick and 1 foot long. Both carrier and 
sphere are rendered as polished as possible, and the former is 
rounded off at the bottom. 

In charging, the following method is adopted. The observer, 
on removing the collecting sphere from its tripod near the mea- 
suring instrument, in the lower room to the left, carries it by 
means of its box up stairs, steps through the open window f on 
to the small balcony, places the box together with its sphere on 
the top of the deal rod, returns within and draws up the rod by 
means of a handle attached to the drum around which the rope 
is coiled. As soon as the arm d strikes the ring b the rod 
is fixed by means of the ratchet, the window g is opened, the 
brass handle is seized, pulled, released, and finally the ratchet is 
hfted so as to allow the rod to descend until a thick iron pin p, 
passed through the rod, strikes against the ring of the iron bar 
a, which now carries the rod until the following charge. In 
order that the rod c may at its upper part possess the solidity 
necessary for the pin p, it is surrounded as far as g with an iron 
loop (Biichse). The box bearing the sphere is now taken off the rod 
and carried down stairs. There, near the measuring instrument, 
stands the transferrer, a brass wire about 1 foot long and 1 line 
thick, carefully rounded at the ends. It is fixed with a stick of 
shell-lac to a firm wooden stand, by moving which, one end of the 
transferrer is brought into contact with the sphere, and the other 
with the conducting wire of the electrometer. The measuring 
instrument thus becomes charged. The deflection being read off, 
the nature of the electricity is ascertained by means of a plate 
of cork, which having a shell-lac handle attached to it, is rabbed 
on cloth and brought into the vicinity of the conducting wire. 

Above the window g in the figure, another loop r will be seen, 
through which passes the conducting wire /; its object is to 
prevent the wire and rope from becoming entangled—to which 
end, too, the wire and the rope are placed on opposite sides of 
the rod. When the rod is drawn up, the loop 7 also holds the 
handle 7 in one and the same position, so that it can be readily 
found even in the dark. 

The rope passes over two rollers, only one of which can be seen 
in the figure; the other is placed on the same beam inside the 
house ; directly under the latter, near the window, is the drum 
with its ratchet. 

The principal part of the whole apparatus is the sphere with its 
carrier, to ensure the insulation of which the greatest care must 
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be taken. In order to avoid the loss of electricity, inseparable 
from the transport of the sphere, an insulated wire was led from 
its carrier to the measuring instrument, in such a manner that it 
could be conveniently drawn up with the rod. With this con- 
trivance the apparatus was a mean between a moveable and a 
fixed one, but for the reasons given in the introduction it could 
not be used. With the last arrangement, of course the elec- 
tricity itself of the atmosphere is obtained, whereas the elec- 
tricity opposite to that of the air was before carried down on the 
sphere. For, as Peltier senior everywhere justly asserts, the 
sphere becomes charged by induction, and not, as the younger 
Peltier imagines, by conduction,—by the passage of electricity 
from the earth through the observer to the sphere. The 
electricity similar to that of the air is conducted away by the 
discharging wire A, as is proved from the fact that an insulated 
electrometer becomes charged with the same when its conducting 
wires are connected with the wire h. Although the atmospheric 
electricity is stronger above than below, and hence acts strongest 
on the elevated sphere, it still manifests an action, even on the 
conducting wire which leads from the sphere to the measuring 
instrument ; for when this wire is well insulated and drawn up 
into the air without the sphere, a deflection is visible in the elec- 
trometer. Hence with this apparatus, as with every fixed one, 
a mixed action is obtained,—not the pure action of the air sur- 
rounding the sphere. On the other hand, the apparatus em- 
ployed by me has but the one defect, inseparable from every 
moveable apparatus, that a loss of electricity is occasioned b 
the transport of the sphere. This would be no defect if the loss 
were always proportional to the quantity of electricity ; but, as I 
have already shown *, it depends upon the shell-lac, and upon the 
relative moisture. This loss being then unavoidable, we must 
seek to familiarize ourselves with its conditions, in order to avoid 
it as much as possible, and render it either sufficiently small to 
be neglected, or else capable of being estimated. For this pur- 
pose the following measurements were employed. 

In the first place, it was found that under the most unfavour- 
able circumstances 25 seconds were required for bringing down 
the sphere and charging the measuring instrument ; under ordi- 
nary circumstances, however, a little more than half this time 
was sufficient. It must here be noticed that the electricity 
becomes free only when the sphere is lowered, and that it is 
only when free that loss commences. In the following measure- 
ments the loss per cent. was always calculated for 25 seconds. 
The sphere was charged with an arbitrary quantity of electricity, 


* Poggendorff’s Annalen, vol. Ixxxvi. p. 541, 
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and by means of the transferrer put in communication with the 
measuring instrument* ; sphere and transferrer were then put 
on one side, the angle of deflection a measured, and, with the 
exact time ¢ of charging, noted. After some minutes a precisely 
similar observation was made, and the angle of deflection 6, with 
the corresponding time ¢, noted. My Table II. (of which more 
hereafter), where the quantities and angles stand side by side, 
gave the quantities a and § which correspond to the deflections a 
and b. The required loss is given by the expression. 

(e—8)2x5x100_ (a—)1000 

T2(a+B\h—h)  12@+B\q—0’ 
where ¢,—¢ represents minutes. Where it appeared advisable, an 
observation with the psychrometer was combined with the elec- 
tric measurements. 

The first series of measurements, where the intervals amounted 
to 2 minutes, gave at once the following numbers correspond- 
ing to the losses per cent. per 25 seconds : 

2°02, 2°38, 2°34, 1°85, 1:60, 1°19, 1:04, 1-01, 1:00, 0:97. 
Here, therefore, a pretty regular diminution in the loss of elec- 
tricity is unmistakeable ; some of the following series showed 
less regularity. In the loss here under consideration four pieces of 
shell-lac are concerned,—two on the carrier of the sphere, one on 
the transferrer, and one on the measuring instrument ; of these, 
however, the ring around the carrier of the sphere being most 
important was principally kept in view; the effect of the shell- 
lac on the electrometer was known and very small. In the fol- 
lowing measurements, however, the influence of the two remain- 
ing pieces of shell-lac was not entirely neglected ; that of the 
shell-lac on the transferrer was specially tested several times, 
by charging the instrument from the transferrer alone before 
charging it from the sphere. The ring on the carrier was mo- 
dified in several ways—by rubbing and drying it, by diminishing 
its mass, and by changing its material ; but none of these expe- 
dients produced a proper regularity in the phenomena, though 
drying the shell-lac ring was the most effective in bringing about 
regularity. After exposing the ring for more than an hour to 
the current of warm air rising from a stove, the per-centages of 
loss for 25 seconds were,— 

1:00 (10), 0°71 (13), 0°68 (15), 0°68 (15), 0-60 (18) 
0°68 (17), 0°67 (16), 0°68 (17), 0°74(17), 0-70 (17), 
where the numbers in brackets denote the intervals in minutes. 
This notation will be retained ; and it is well also to remark that 
the measurements of each series were always made with one and 


* See Phil. Mag. Ser. 4. vol. xv. p. 460. 
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the same charge from the sphere, so that the deflections differed 
greatly from each other and always diminished. In the last 
series, which extended over 2 hrs. 25 mins., the first deflection 
amounted to 762°, and the last to 184°. The Table II., accord- 
ing to which the calculations were made, is not the Table II. of 
Kobhlrausch, but one calculated by me, of which more hereafter. 

The last series already shows pretty clearly the proportionality 
between the electric loss and the density. On the following 
morning, however, the effect of the drying had again disappeared ; 
for a series of measurements then gave the following numbers : 

1°03 (5), 1:27 (5), 1:88 (5), 0:97 (5), 1°32 (5) 

104 (5), 0:98 (5), 1:11 (5), 0°74 (23), 0-79 (20). 
Although the smallness of the last two numbers is partly due to 
the greater intervals to which they correspond, yet on the whole 
the cause of the irregularity must be sought elsewhere. 

After fruitless endeavours to produee regularity by careful 
attention to the shell-lac ring, it was at last withdrawn and re- 
placed by thin leaves of dried caoutchouc. The measurements 
now gave the following numbers :— 

0°87 (10), 0°77 (14), 0°80 (21), 0°82 (29), 0-98 (24). 
Here is tolerable regularity, so that caoutchouc insulates almost 
as well as dried shell-lac. Thick patches of moulded vuleanized 
caoutchoue, to whose surface several fibres still adhered, insu- 
lated much worse. 

Thin and previously dried leaves of gutta percha were next 
tried, and found not to be so serviceable as thin dried leaves of 
caoutchouc ; they insulate worse, and ensure less regularity. In 
fact throughout the whole investigation it was manifest that 
regularity in the loss of electricity always accompanies good 
insulation. 

Caoutchouc and gutta percha, used in thin plates, have the dis- 
advantage, however, of becoming partial conductors in a shorter 
time after being dried than shell-lac does, and this clearly because 
the former expose a greater surface to atmospheric vapours ; 
nevertheless a string of gutta percha appeared to be a worse 
conductor than good shell-lac. 

In order to reduce the influence of the shell-lac to a minimum, 
the sphere was suspended by a thin wire insulated by means of 
the shell-lac taken from the destroyed ring ; the effect, however, 
was not satisfactory. No corresponding regularity was produced 
even when the transferrer, in its old form, was also taken away, 
and the charging of the measurer accomplished by a wire in 
contact at one end with the sphere, and at the other with 
the conducting wire of the measuring instrument. There being 
no doubt as to the effect of the shell-lac in this case, the 
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former ring of brown shell-lac was replaced by one of white. 
A remark against Coulomb, made by Riess in his memoir “ On 
the determimation of the Density of Electricity in the Torsion 
Balance *,” was here corroborated in a surprising manner. The 
first series of measurements on employing the new ring gave the 
following numbers .— 

0°59 (28), 0°56 (28), 0:54 (29), 0°50 (32), 0°58 (32), U-56 (51), 
the angle of deflection at the same time diminishing from 714° 
to 9°. To give an example of the capriciousness of even this 
shell-lac, I may mention that after the above measurements were 
made the sphere was again charged, without being otherwise at 
all touched, when in the first succeeding 34 minutes a loss of 
0°78 per cent. per 25 seconds took place, and in the following 
30 minutes a loss of equal amount. Why, without the least 
apparent cause, should the loss in 1 hour 4 minutes be now so 
much greater than that which before took place in 3 hours 
20 minutes ? 

In all probability some electricity still adhered to the new 
shell-lac ring. since it was made use of immediately after being 
constructed. On this account the sphere was placed in metallic 
connexion with the earth for eight hours before bemg used for 
measuring the atmospheric electricity ; when so used, a few drops 
of rain fell, and the air was strongly negatively electric. The last 
positive charge which the sphere brought down was allowed to 
remain in order to measure the loss. Three times successively, 
at intervals of 34, 34, and 69 minutes respectively, this loss 
amounted to 0°30 per cent. per 25 secondst+; in the next fol- 
lowing 61 minutes it was 0°46, and in the succeeding 62 minutes 
as high as 1°27. It was here, for a second time, observed that 
slight moisture by rain-drops renders shell-lac more and more 
conducting in presence of electricity; for in a former series of 
measurements the sphere, with drops on it, had stood uncharged 
in the room from 10 p.m. to 6 a.m., and still the first measure- 
ments in the morning only indicated the ordinary loss. It is 
true that after the first 14 minutes a slight inercase in the loss 


* Poggendorff’s Annalen, vol. Ixxi. p. 369. 

+ This small loss appeared extraordinary, but it was explained as in the 
text, since in all probability the quality of the atmospheric electricity had 
meanwhile changed. As this fact was not, however, established by ex- 
periment, the positive electricity which the sphere brought down at a sub- 


sequent period was also reserved for the measurement of the loss. The 
numbers obtained were 


0°44 (11), 0°48 (15), 0°50 (23), 0°50 (22), 0°50 (23), 0°49 (79). 
During the 2 hrs. 53 mins. occupied by these measuremeats, the loss, there- 
fore, was as usual ; the quality of the atmospheric electricity, however, had 


not altered during this time,—a fact which, though easily anticipated from 
the state of the weather, was nevertheless verified. 
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manifested itself; it was only after 4. hours, however, that this 
loss increased threefold. Electricity, then, clearly disperses 
drops of water. 

The influence of change of air on the electric loss was next 
examined, and it was always found that the loss was unaltered 
by carrying the sphere about, provided that it remained in air of 
the same constitution. When carried about in a room wherein 
the air was mixed with the moister air of the kitchen, the loss 
was a little increased, but it would certainly have also been in- 
creased had the sphere remained stationary. 

Positive electricity, too, appears to suffer less loss than nega- 
tive electricity,—a fact easily explained, since the electricity of the 
air is generally positive. 

So far the new shell-lac ring has approved itself by giving the 
following series of losses after having been moistened and rubbed 
dry with clean linen :— 

0:53, 0°51, 0°50, 0°51, 0°52, 0:58, 0°55, 0:56, 0°56. 

The whole series extended over 3 hours, and the intervals were 
almost equal. It will only be necessary to test the ring occa- 
sionally, and to replace it by a new one whenever it can no 
longer be restored by treating it with alcohol or heating it before 
a lamp; the latter expedient generally succeeds perfectly. 

Apart from the intrinsic interest of many of the results, this 
communication on the electric loss will be sufficiently justified 
by its principal object,—to prove that the insulating power of 
the described apparatus is sufficient when properly experimented 
with ; for the necessity has been shown of frequently rubbing 
the shell-lac with clean linen in order to free it from moisture 
and dust. But to do this, the apparatus must have the pre- 
cise form which it possesses ; the sphere with its carrier must 
admit of being easily lifted out of the box in order to reach the 
foot,—although the latter certainly little disturbed the regu- 
larity of the foregoing measurements, since it was always made 
of yellow shell-lac. The lac on the transferrer, as well as on the 
electrometer, was also of the yellow description. In the last 
series we may assume with tolerable safety that the loss, whose 
mean value was 0°53, was caused by the air alone; as also in the 
last series but one, where the mean loss was nearly the same 
(0°555). As this loss amounts to about 4 per cent. with a 
moisture of 75, and as the latter oscillates between 50 and 100, 
the approximate correction to be applied to the results of my 
observations on atmospheric electricity, on the assumption of a 
eee nonality between moisture and electric loss, would var 

etween gts and 14s, and consequently remain within the limits 
of errors of observation; on this aceount such correction appears 
superfluous, 
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b. The Measuring Instrument. 

The measuring instrument is the one before described, the 
construction of which was proved to be excellent in these as in 
all other measurements*. Nevertheless a slight modification 
was deemed advisable ; the small strip is now quite rectilinear, 
and no longer possesses a slit. The arm of the balance is also 
rectilinear, and therefore hangs over the strip. 

The calculation of new Tables appeared necessary for the fol- 
lowing reasons : first, there is some doubt attending the bending 
of the strip, for the amount of curvature is not exactly ascertain- 
able, and the same calculating Tables cannot be applied to differ- 
ent curvatures ; secondly, the observations on the battery, caleu- 
lated according to Kohlrausch’s Table II., did not agree well with 
each other, and the discrepancy before alluded to+ must arise 
from the fact that my strip has not the same curvature as that 
of Kohlrausch’s ; Jastly, the results to be communicated to the 
Royal Meteorological Institution must necessarily have as trust- 
worthy a foundation as possible. 

In order to calculate the new Tables, three methods presented 
themselves,—that of Kohlrausch by torsion-measurements, that 
of Quetelet by division of the same quantity of electricity over 
well-constructed spheres, and that, not hitherto employed, of 
measuring the tension of the pile. The torsion-measurements 
had before furnished me with imperfect results, for a reason 
to be immediately mentioned. I had three spheres exceed- 
ingly well constructed by Reimann of Berlin under my own 
superintendence ; two of them had equal radii double that of 
the third, but on account of the loss of electricity I could not 
employ them. The third method was hopefully employed, but 
did not lead to satisfactory results. The tension of the pile is 
not sufficiently constant in winter, and I neither could nor would 
wait until summer. In the meanwhile repeated and careful 
measurements of the tension of the pile led to the detection of 
the defect which the electrometer then possessed. It was fre- 
quently noticed that, with small angles of deflection, the arm of 
the balance suspended in the slit is far too apt to come into 
contact with the edges of the latter. Electricity then passes 
from the arm to the strip, and the angle is smaller than that 
corresponding to the charge. Now since this defect (which may, 
of course, be in a great measure avoided by slowly displacing 
the upper index) might often occur in measurements which must 
be frequently, and therefore quickly made, the arrangement was 
necessarily faulty. Moreover I hoped with a perfectly straight 
strip to be able to prepare Tables of general applicability ; but, as 


* Poggendorff’s Annalen, vol.Ixxxvi.p.527 ; also Phil. Mag. vol. xv.p.460, 
+ Poggendorff’s Annalen, vol. Ixxxvi. p. 539. 
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will be seen immediately, this hope has only partially been ful- 
filled. The sensitiveness lost in the new arrangement was quite 
unimportant, as it could easily be replaced by a glass thread of 
smaller thickness. During last summer I used a glass thread 
27 centimetres long, which received from a battery of 64 zine- 
copper elements a deflection of 44°. 

Torsion-measurements were again made with the new arrange- 
ment, and the result surpassed all expectation. A few series of 
numbers may be here given as examples. The instrument 
was charged with an arbitrary quantity of electricity, and then, 
in all cases with the same charge, the torsions at 80, 70, 60, 50, 
40, 30, 20, 10, 20,30, 40, 50, 60, 70, and 80 degrees were 
measured. 


Angles.| Actual torsions. Reduced || Angles.| Actual torsions. Reduced 
torsions. | torsions. 

80 82 sz | 196/| 80 | 10: | tox | 192 
70 173 173 4-06 70 23 212 4:12 
60 303 292 6°96 || 60 382 353 691 
50 49 47x 11:31 || 50 63 58 11-29 
40 78 75 17°75 40 97 91 17°54 
30 1302 1272 29:93 || 30 1633 156 29°80 
20 2312 2292 53°50 20 2883 2803 53°08 
10 431 100-00 10 536 100-00 


These two series were made under circumstances which might 
give rise to differences in reading off small angles, the first series 
being made by daylight, the other by artificial light at night. 
Two other series made with another instrument may also be given 
here, since in the second the strip was shorter and narrower than 
before. 


Angles.| Actual torsions. eotueed Angles.| Actual torsions. Betnerd 
80 42 | 3 1:85 || 80 5 5a 181 
70 | Tid ate eee ee 123 | 4:97 
60 183 | 182 7:60 || 60 224 224 7-72 
50 292 | 293 | 12:12 || 50 352 35 12-17 
40 45g | 472 | 19°10 || 40 57 552 | 19:13 
30 76 76 31-21 || 30 912 903 | 31-15 
20 | 130¢ | 1293 | 53-45 || 20 | 1612 | 153 54-27 
10 | 2433 | 10000 || 10 | 2894 100-00 


} 


Although the agreement between the series made with one 
and the same instrument was satisfactory, the non-agreement of 
the series made with different instruments called for closer in- 
vestigation. It was this investigation which first led to a com- 
plete knowledge of the instrument. By repeated torsion-mea- 
surements under variation of the principal components, the strip 
and balance-arm, with respect to their dimensions and distance 
asunder, it was found that for the gradation of the series the di- 
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mensions were unimportant,—the distances, on the contrary, 
much more so; and further, that of these distances, the one 
between the strip and the lower graduated circle was most im- 
portant, that between the strip and the balance-arm coming 
next ; the last distance, however, is less important the smaller 
the distance between the strip and circle; for the distance 
between the strip and arm being great, the following series of 
reduced torsions were obtained :— 


1:83, 4°77, 839, 13°64, 21:40, 35:03, 58-20, 100. 


General Tables, then, can only be constructed for definite di- 
stances ; and since no one is likely to be willing to prepare Tables 
for a number of such possible distances, each experimenter who 
wishes to use the instrument must reconcile himself to the prepa- 
ration of his own Tables. One might prescribe certain definite di- 
stances and furnish Tables for these, but I am convinced thatevery 
one will prefer to construct his own Tables, since the necessary 
preliminary experiments are no longer onerous, and the calcula- 
tion can be made in a couple of hours. I also possess different 
Tables for the two instruments at present in use, and they differ 
considerably as well from each other as from that of Kohlrausch. 
The one most like ‘that of Kohlrausch has for 80° the number 
2068, where Kohlrausch has 1833. At all events, with respect 
to convenience as well as to accuracy of results, the method of 
preparing Tables by torsion-measurements is preferable to all 
others. It need scarcely be mentioned that these measurements 
must not only be made in the manner indicated, but, as a verifi- 
cation, repeated at every separate station. The quantities, too, 
with which the measurements are made must not be too great, 
otherwise the torsion for 10° might be so great as to impair 
the elastic reaction, A tolerably thick glass thread is better 
than a very fine one, for air-currents and elastic reaction have 
less effect upon it. The Tables being once prepared, measure- 
ments of the tension of the pile serve well to verify the same. 
When the tension remains pretty constant for some hours, the 
measurements show a considerable agreement, provided a good 
Table exists. For instance, on the 13th of April of the fore- 
going year, the following successive values for the tension of an 
element were obtained, wherein the bracketed numbers denote 
the number of elements :— 

3°16 (128), 3:13 (144), 3°17 (160), 3:19 (176), 

3°20 (192), 3°21 (208), 8:23 (224), 3:25 (240), 3°27 (256), 

3°26 (240), 3°22 (224), (208), 3:21 (192), 3:17 (176), 

3°19 (160), 3°19 (144), 3°18 (128), 3:15 (112), 3°14 (96), 

3:14 (80), 3:14(64), 3:10 (48), 3-06 (32), 3°31] (16). 
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From these one might imagine that somewhat too high a 
value had been given in the Tables to the larger angles ; but the 
day before the following numbers had been obtained :— 

2°92 (64), 2°91(80), 2-98 (96), 2-96 (112), 3-00 (128) 

2°97 (144), 3-01 (160), 2°95 (176), 2-95 (192), 3-01 (208), 

2°99 (224), 3°03 (240), 3-09 (256), 3:06 (240), 3-04 (224), 

3°01 (208), 3:00 (192), 3-01 (176), 3-06 (160), 3-04 (144), 

3°05 (128), 3-01 (112), 3:06 (96), 2-91 (80), 2-99 (64), 

3:12 (48), 3-12(82), 3-00(16). 

The angle of deflection for 256 elements was 55°, that for 16 
elements 3°, 

The Tables by means of which our observations here, on atmo- 
spheric electricity, are calculated range with tolerable certainty 
from 2° to 88°. In fact the torsions from 5° to 85° could be 
measured with a good agreement amongst the results; still for 
these extremes it appeared advisable to adopt a particular ex- 
pedient. Two electrometers which stood close to one another 
were charged with the same quantity of electricity, one immedi- 
ately after the other, that is to say, with the same pole-wire of 
the battery. The ratio of sensitiveness of the two instruments 
was thus ascertained with tolerable exactitude by a series of 
measurements whose angles fell within the limits of the Tables 
already calculated, the mean of many calculated values for a 
single element being taken. Greater and less numbers of ele- 
ments were now taken, which with the more sensitive instrument 
gave deflections up to 88°, and with the other under 10°. The 
tabular value of the one was then multiplied or divided by the 
quotient of sensitiveness, when the product or quotient ought to 
give the tabular value for the measured angle of the other. 
Lastly, the mean of many measurements was adopted. This 
method would not have been practicable had the instrument 
under the vessel not had almost free space. 

For the instruction of those who may wish to form Tables for 
their own instruments, it may be well to notice that the former 
assertion*, that the arm of the balance must be straight through- 
out, is no longer applicable when the angle read off is always on 
the same side of the arm as that which was taken when mea- 
suring the torsions on which the Tables were based. The great- 
est difficulty attending the construction of the apparatus thus 
disappears. Care must of course also be taken that the direc- 
tion of the arm does not change very much; for which purpose 
it is better to have a brass arm, since the brass wire does not 
enter the lamp, and therefore remains harder. All the above 


2 


* Poggendorff’s Annalen, vol. Ixxxvi. p. 530. 
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measurements were made with a brass arm not perfectly straight, 
the difference between the angles made with one half when 
turned round being about half a degree. 

My friend, Prof. Roeber of Berlin, has had the kindness to 
examine mathematically the theory of the instrument. His 
memoir will also be found in the second Year’s Report of the 
Royal Meteorological Institution*. From his double formula 
two new methods of interpolation can be deduced, whose results 
differ little from each other and from those obtained by Kohl- 
rausch’s method. Nearly three years ago Roeber furnished me 
with a formula which almost entirely coincides with that since 
published for the Munich instrument. 


II. Resuvtts. 


Schénbein has already drawn attention to the fact that, by 
means of light and electricity, the oxygen of the atmosphere 
passes into the condition of ozone; and the influence of ozone 
on organic life, particularly its influence on diseases and on the 
destruction of miasma, has already been frequently recognized. 
Quetelet noticed the remarkable diminution of atmospheric elec- 
tricity during the first seven months of the year 1849, and the 
simultaneous appearance of cholera in Belgium. Something 
similar occurred in the month of January 1853, and we read 
of bad fevers, from which Switzerland in particular suffered. 
The importance of electricity on all organic life being more and 
more recognized the more we study its nature, atmospheric 
electricity, as one branch of the same, will-also gain more and 
more interest the more we seek to shed light upon what has 
hitherto been a dark field. I should not venture to come forward 
with the results of a single year’s observations, were I not con- 
vineed that their completeness and accuracy give them a value 
which surpasses that of many other observations extending over 
many years. I further hope by this publication to persuade 
others to advance hand in hand with me towards the same goal, 
either by comparing other phenomena with those of atmospheric 
electricity, or by undertaking similar observations, for which 
purpose I gladly offer my assistance. One great advantage of 
my whole apparatus, is that it can be employed anywhere. 

Although the absolute magnitudes of atmospheric electricity 
increase with the height, yet an arrangement can easily be hit 
upon by means of which the values obtained at different places 
may be compared one with another. For this it is only neces- 
sary that in all places the collector be constructed in exactly the 
same manner, due regard being had to all circumstances, and 
that with the measuring instrument a constant unit be adopted. 


* Also in Poggendorff’s Annalen, vol. Ixxxix. p. 283. 
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With the electrometer here employed the last precaution is ne- 
cessary, even in order to compare later with former numbers in 
the case of the glass thread being destroyed. Coulomb’s for- 
mula, it is true, might serve this purpose; yet Kohlrausch’s 
proposition to use the tension of the pile for this purpose is pre- 
ferable, since the method is more practical. In the following 
numbers, therefore, the unit is the tension of an element of a 
zine-copper battery. With respect to the reduction, the follow- 
ing is the best method. 

A battery is constructed as before described*, and the tension 
of its several parts is measured through several days or even 
weeks. The quantity given by the Table for each angle of de- 
flection divided by the number of elements, gives of course the 
quantity for one element. The mean of several hundreds of 
these numbers is used as a divisor for all the numbers of the 
Table, and the corresponding quotients taken to form the Table 
for this glass thread. The observations may be very conveni- 
ently calculated by means of this new Table, especially if it be 
provided with the differences between the successive magnitudes, 
in order to find quickly, for fractions of an angle, the correspond- 
ing additions to be made to the quantities corresponding to the 
integers contained in these respective angles. 

At our station the atmospheric electricity was measured regu- 
larly three times a day, at the hours fixed by the Royal Meteor- 
ological Institution, that is to say, at 6 a.m., 2 p.m., and 10 
P.M., and, in addition, as often as the study of the phenomena 
rendered it advisable, and the engagements of the observer per- 
mitted. Two measurements were generally made each time ; 
but if the angles of deflection of these differed by more than 3°, 
the measurements were repeated until two deflections at least 
lay within the above limits. In the case of negative electricity 
alone, which generally causes great deflections, and is not taken 
into the whole calculation, one measurement often sufficed, par- 
ticularly when the quantity was considerable, for then no great 
difference in the angles was to be expected. Where more than 
two measurements were made, the mean of the two anglest which 
differed least from each other formed the magnitude to be cal- 
culated. On the whole, considerably more than 4000 measure- 
ments of this kind were made last year. 

The monthly means may be here first given t :— 


* Poggendorff’s Annalen, vol. Ixxxvi. p. 535. 

+ Strictly, the mean of the quantities should have been taken; but, as 
Kohlrausch has proved, the error thus committed lies within the limits of 
errors of observation. 

{ These monthly means agree better with those communicated by 
Schiibler in his ‘ Meteorology’ (p. 85), as results of two years’ observa- 
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Morning. Afternoon, Night. Mean. 

January ...... 109°3 242-4 156°9 169°5 
February...... 113°5 15L-0 1567 140°4 
March......... 127°2 162-2 162°3 150-6 
ATI ice ates: 137-2 140°3 107-7 128°4 
EN hS Ree 160-7 797 101°8 1141 
MONG Wecsccass 140-2 94-2 122-9 119-1 
Duly: stesssce 135-9 105-0 115°3 1187 
ATIBUSE © ssc 1616 127°6 158-6 149.3 
September ... 173-2 142:7 146-4 1541 
October ...... 150°4 169-0 169°8 163°1 
November ... 229-8 2178 230:9 226-2 
December ... 186°6 ‘ 278-1 220°8 229-2 
Mean .....: 152°3 159-2 154-2 155-2 


We see that the ratio of the mmimum in May to the maximum 
in December is about 1 : 2, and therefore much smaller than that 
deduced from many years’ observations at Brussels. But even 
the observations at 2 o’clock, which can be best compared with 
those at Brussels, since in Brussels observations are made at 12 
o’clock, furnish a far smaller ratio,—being equal to 2: 7 nearly. 
The morning means differ most from the Brussels means, the 
cause of which is that the atmospheric electricity increases 
greatly soon after sunrise, when it reaches its principal maximum 
for the day. For the most part the atmospheric electricity in 
its variation, on the whole as well as throughout the day, agrees 
tolerably well with the variation of the barometer. The most 
remarkable fact is the diminution of atmospheric electricity with 
a south-west wind; and this is particularly the case in winter, 
when the mean with a south-west wind is not much higher than 
in summer. With respect to this fact, which Quetelet has 
already proved from the Brussels observations, more accurate 
information must be sought in the second Year’s Report of the 
Royal Meteorological Institution. The principal remaining 
results are as follows. 

The air is almost always electric, generally positively electric ; 
for it is only in rain, or rather when rain commences, that it 
becomes strongly negatively electric. On the approach of a 
storm, too, the air is negatively electric, even when the storm is 
still at a distance, so that the clouds of the same are far from 
floating over the place of observation. In clear weather the air 
is almost always positively electric ; it is only very rarely, as with 
a strong north-east wind (twice), that it becomes negatively 


tions, than with those of the Brussels observations ; though, in mentioning 
the fact, no doubt is intended to be cast upon the trustworthiness of the 


Brussels observations. 
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electric under such circumstances. When rain commences, the 
drops are generally negatively electric like the air. In still air 
the tension of atmospheric electricity is much less variable than 
in strong winds: it varies most quickly when the electricity 
passes from the negative to the positive state, or vice versd. At 
4-20 p.m. on the 14th of December, the tension during a very 
slight shower of rain was —918-7. Seven minutes afterwards it 
was Q, and the rain had quite ceased. Two minutes afterwards, 
when a little rain again fell, it amounted to +41°5; two minutes 
after this, however, it rose to 281°4, when rain had ceased. 
Three minutes later the tension was 547:5; and after another 
interval of four minutes it rose as high as 831. At 2 p.m. on 
the 15th of December, the tension changed in a few minutes 
from 66:5 to —447-1. Such examples occur in all months, and 
particularly in rain and storms. 

The electricity of the clouds and that of the air are so related 
to one another, that a considerable amount of cloud or storm- 
electricity is accompanied by a considerable tension in the at- 
mospheric electricity, though the latter may exist without the 
former. The electricity of the air may be very great for hours 
or even for days, without the least trace of a storm being pre- 
sent; this is always the case on cloudy wintry days, particularly 
when there is a north-west wind. On a single occasion, between 
43 and 55 p.m. on the 16th of November, after the air had been 
found in a high degree negatively clectric at 2 p.M., a thick mist 
was suddenly dissipated by a storm which was announced by 
negative electricity, though generally positive electricity mani- 
fests itself with a thick mist. 

It is only free air, not in contact with objects on the earth’s 
surface, that exhibits electricity with the above-described appa- 
ratus ; no trace of electricity can be detected in the house, even 
when a strong tension exists outside. This appears to be at 
variance with a fact above recorded touching the smaller loss of 
positive electricity ; nevertheless the positive electricity in the 
house may be too small for the apparatus to indicate. 

During a fire whose smoke, almost exactly in the shape of an 
arch, drew near the place of observation, the tension of 149 
rose in a few minutes to 383; it then diminished again as the 
fire decreased, so that 17 minutes after the first tension it still 
amounted to 250°7. On the rekindling of the fire the tension 
rose again a few times until an hour and a half after the fire 
broke out; and after it had been long extinguished, the tension 
still amounted to 120. The site of the fire was 3th of a mile * 
distant from the observatory. From the above it follows that in 
a town where there are many smoking chimneys, no electrical 

* The measurements are all according to Prussian units. 
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observations can be made, or if made, it must be with great 
caution. Our observatory is, it is true, surrounded by some 
houses, but it is situated outside the town. 

An increase in the atmospheric electricity proportional to the 
height could not be detected at Kreutznach ; its increase was less 
than such proportionality would demand, but its law could not 
be discovered. 

At Kreutznach the extremes of the observed quantities lie 
further asunder than in the Brussels observations. This is 
partly due to the fact that our observations are more frequently 
made, but partly, too, because the arrangement of the measuring 
instrument at Kreutznach permits of a more accurate determina- 
tion of these extremes. Very small quantities can be measured. 
with the same accuracy as large ones, since, when the method of 
the angle of deflection does not suffice for the measurement of 
these extremes, that by torsion is applied. 

The following numbers show the daily variation of the atmo- 
spheric electricity. In February, when observations were gene- 
rally made every two hours from 6 a.m. to 10 p.m., these numbers 
were 
113°5, 189°1, 163°4, 158°5, 151-0, 173-8, 179°4, 167-3, 156°7. 
On the 18th of March, when an observation at 7 P.M. was 
added, the numbers were 

1026, 167°5, 173°3, 212:2, 178:1, 159-0, 118°8, 173:3, 

179°3, 102°6. 
Observations every four hours on the 2nd of June gave 

221-0, 181°5, 102-6, 70-1, 120°8. 
The numbers on the 9th of July, determined every four hours 
as well as at 8 P.M., were , 
183°8, 121°8, 106°0, 114-0, 141°7, 121-3. 

A few examples are added to show how quickly the tension in- 
creased after sunrise. 
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October 4, 

At: GAs acices basse 107: At 6°30 A.M.eee.eeee 
Soon after .. . 1618 a (ODO Tie. ase 

sd gcd vost caoe 213°5 a eale eee 

ei ae Ets 293°2 Rr aot, 

October 8. October 9. 

At 6:00 A.M.......0- 1188 At600 a.m. ...... 2163 
Age] Ua RA 1545 ay Dre” ap Lie reeks 250-7 
Soon after ......... 156°3 Soon after _,..... 267°8 

eee See 159-1 he eee as 283:°7 
At \G'AO) oy) i staiesan ws 131-6 A A Ubleeaiy | heaaeae 217°8 
Soon, HEN cecssases 1316 | Soonafter  ...... 215°4 


Soon after 
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October 21. 


At 6:00 a.M.,........ 155°1 At 7:50 a.M.......00. 265°6 


November 15. 


At. 6:00 a.m. ....,... 300°8 


She LG Se vst pea dice 595-4 (sudden thick mist), 
GT tre 370° (mist still thick). 
“SLE H Die peta ate 0-0 (mist almost disappeared). 


The following are examples of the variation at sunset :— 


October 18. October 21. 

At 2p. 281°4 AE, PAM ss i esens 220-0 
7 eres 3705 5 ABO Teck 171-0 
TAG daree: Maco oaeat 3386-9 Prat a cee 211-7 
25 1 a 1748 SOOM) aLter: | seescress 234-4 
BSR esa presse 254-9 

At 5:6 pines! o.cii ths 270-0 

Sogu.arters) i235 j.20s 2768 

At Sll pM 276:8 

e Bh dicted s 261:3 


These numbers also agree with Schiibler’s remarks on the daily 
variation. The daily variation is seldom regular, though, of 
course, it is most so when all other aérial phenomena manifest 
regularity, and therefore in fine weather; this is sometimes the 
case even when the daily barometrical variations are perceptible. 
This was the case here in February 1851, when for 40 hours 
hourly observations were made, and during 34 hours the varia- 
tions were plainly perceptible. 

A few words in conclusion on the origin of atmospheric elec- 
tricity. In a letter to Quetelet, which this celebrated philo- 
sopher afterwards published, Peltier, jun. first expressed the 
opinion that, originally, the electricity of the air is the earth’s 
electricity conducted into the electrometer through the observer ; 
and this same opinion, according to which the air has no elec- 
tricity whatever, was assented to by Dr. Lamont*. Peltier’s 
reasons for this assertion were deduced from the numbers obtained 
in the Brussels observations, and are no longer valid, since Que- 
telet, in consequence of later observations, considerably altered 
those numbers in subsequent communications. These same rea- 
sons are still less in accordance with the results obtained by 
Schiibler in Munich and in Kreutznach. The passage of elec- 
tricity through the observer into the measuring instrument or 
into the collecting sphere is not a fact, but a pure hypothesis. 

* Poggendorft’s Annalen, yol. \xxxy. p. 500. 
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It is a fact, however, that when my collecting sphere is con- 
nected by means of an insulated wire with the electrometer, the 
latter always indicates the presence of electricity opposite in kind 
to that which the sphere brings down when charged in the ordi- 
nary manner. It follows from this, as Peltier, sen. has always 
asserted, that the sphere is actually charged by induction and 
not by conduction, so that the air is electric. How could 
the increase of aérial electricity with the height be explained if 
this electricity proceeded from the earth? For in the latter case 
it must diminish with the height. Mist is known to increase 
the atmospheric electricity; and yet, coming from below, it should 
bring with it electricity from the earth, and thus weaken that of 
the air. The greater atmospheric electricity of winter appears 
to me to arise merely from the greater frequency of mists, just 
as the daily variations of this electricity may be quite well ac- 
counted for by the quantity of mist. 

The views of Peltier, jun. and Lamont appear to lead only to 
complications and contradictions. On the other hand, in order 
to progress in this field, it will be well to pursue further the 
researches on ozone commenced by Schénbein, and the views on 
the diamagnetism of oxygen to which Faraday has been con- 
ducted. 

Of course a multiplicity of observations and many new expe- 
riments will be necessary before the phenomena can be brought 
under general laws, and their causes satisfactorily stated. It 
is precisely on this account that it becomes advisable not only to 
increase the number of stations where such observations can be 
made, but also to agree upon some system of cooperation. 


Kreutznach. January 1853. 


LXII. On the Thickness of the Earth’s Crust. By the Rev. 
SamuEL Haveuron, F.R.S., Professor of Geology in Trinity 
College, Dublin. 


To the Editors of the Philosophical Magazine and Journal. 
GENTLEMEN, 
N your Number for the present month (October), Archdeacon 
Pratt replies to the short statement I made in the June 
Number respecting my paper “On the Original and Actual 
Fluidity of the Earth and Planets*.” 
The questions at issue between us are two in number, viz.— 
1. Whether I have committed a fallacy in mathematical rea- 
soning, by differentiating a certain equaticn in my paper pub 


* Transactions of the Royal Irish Academy, vol. xxii. p. 251. 
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lished by the Royal Irish Academy, and afterwards making an 
assumption inconsistent with that differentiation ? 

2. What is the value of attempts made hitherto to determine 
the thickness of the earth’s crust ? 

The first question is purely personal, and, as such, not suited 
to your Journal; but inasmuch as it affects my competence to 
discuss the second or scientific question, [ am bound to notice it. 

In the paper referred to, I obtained a certain equation (12), 
derived from the attraction of the solid crust of the earth, com- 
posed of layers following any continuous law of density and ellip- 
ticity; from the attraction of a fluid nucleus, composed of layers 
following any law whatsoever, either the same or different, but 
also continuous, of density and ellipticity; and from centrifugal 
force arising from the rotation of the earth. The question is, 
Have I a right to differentiate such an equation without, by 
such differentiation, ¢acit/y assuming the sameness of the laws of 
density and ellipticity in the solid crust and fluid nucleus*? I 
believe that I have a right to do so, because the law of density 
and ellipticity is continuous in both the fluid and solid part of 
the earth, though it may be supposed different in both. 

This question is one which turns on the metaphysics of the 
calculus; and though I felt confident I had made uo mistake in 
differentiating this equation, yet I thought it right to lay the 
point before a mathematical friend, the Rev. Professor Jellett, on 
whose skill and judgment in such matters I have a well-founded 
confidence. He has favoured me with the following statement 
which he permits me to publish, and from which it appears that 
he coincides with me in opinion :— 

“The question at issue between Archdeacon Pratt and Prof. 
Haughton may be stated generally as follows. An equation of 
the form 


F(a, y, (ne, {ee)=0, oes enw a eee 


is given. The quantities y, u,v are determined by the equations 


y=f\(2), uv=g,(x), v=, (2) 


from z=0 to x=), and by 


y=frx(e), u=$(2), v=po(2) 
from v=b to v=a. Required to determine the rule for differ- 
entiating this equation with regard to a, or in other words, to 


* T here give the equation in question :— 


- i 2(?, 

ee | pur we Ge hde mak 0 12 

= 90 — sa P= — eat We pase One eee (lie 

a\ ‘ 5a* da 5) Pda Qui} F (t) 
0 wa ey 
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determine the value which the left-hand member assumes when 
for a we put a+h, i being a very small quantity. 


colt Let a< b, 


then the equation (A) written at full length, after substituting 
the proper values for y, uw, v, will be 


a b a 
0=F(a, J,(@), i ,rvdx, ( vrnte +f panda). 
0 a ub 


Substitute a+ for a, and we have 


ath h a 
O=F(ath, flat), ddan (pap +f spynile). 
a0 b 


wath 
This admits of being expanded in the ordinary way. Assuming, 
then, for the sake of brevity, 


Ba a 
i=|( ud, i = vdx, 
0 a 


O=P4h T+ Sho) + Flo — Fa vila) be) 


being the same result as would be obtained if the functions 
retained the same form throughout. 


eee Let a>ob. 


we have 


The same reasoning applies. 
«<3. Let g=b. 


Substituting, as before, a+h for a, h being positive, and writing 
the equation at full length, we have 


0=F{a+h, fla+l) J oiayaes ( sae CA i Mel 


wath 
or, expanding as before, 


O=P 4h] T+ TAN) + F bola) — Fevpala) be | 


Again, if we put a—h He a, we find 


O= onan! (a—h) iene (2) (a)de, (" ap eda + (“Yeas |, 


ea—h 


d¥ d¥ d¥ d¥ 4 

© onraa{ +All) + Fol Fenla be D) 

This result differs from (C) only in the ee of fi, Oy Vy 

for fo, Go, Wo; and both agree with the result which would be 

obtained by supposing the functions continuous. I conclude, 
therefore,— 
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“1. That for values of a different from d, the ordinary rules 
of differentiation strictly apply. 

«2, That for the value a=b, the same rules hold, and that 
the differential equation arrived at will apply to either of the 
regions denoted by a<b, a>b, according as we substitute for 
y, u,v the values fi(a), b4(a), Ya) or fy(a), $o(a), pola). The 
continuity of the functions across the bounding surface is not 
therefore assumed in the application of the ordinary rules of the 
differential calculus. 

“Tt seems to me that the use of the term ‘ discontinuous’ 
function may lead to some misconception. The more correct 
account of the matter seems to be this:—The functions which 
represent the density and ellipticity of a stratum from a=0 to 
a=b, although mathematically continuous for greater values, 
lose at that point their physical meaning; and similarly the 
functions which represent the density and ellipticity of an exte- 
rior stratum, although mathematically continuous for values of 
a less than 4, do not acquire a physical meaning until that 
value is reached.” 

The foregoing is sufficient, I believe, to defend me from the 
charge of bad logic brought against me by Archdeacon Pratt. I 
now gladly dismiss the personal question, and turn to the consi- 
deration of the thickness of the earth’s crust. 

I shall consider the subject under the three points of view in 
which Mr. Hopkins, Prof. Hennessy, and I myself have ex- 
amined it. 

First. Mv. Hopkins has made two suppositions :— 

A. That Laplace’s law of density is the law of nature (car 
this law holding good for both the crust and nucleus. 

8B. Having assumed this law, and calculated from it the 
amount of lunisolar precession, Mr. Hopkins assumes the small 
difference between the result of calculation and observation to 
be a real difference. 

§ The logical inference from these two hypotheses would appear 
to be that one or other of them is erroneous: Mr. Hopkins 
thinks differently, and reconciles Laplace’s theory with observa- 
tion by introducing a fluid nucleus without friction, and so cal- 
eulates a thickness for the crust of the earth. I am most 
anxious to do every justice to the ingenuity and skill with which 
Mr. Hopkins has worked out his problem, but I must be allowed 
to doubt whether it is of any geological value. In the first place, 
I do not believe in Laplace’s law of density ; and in the second 
place, even admitting this law, the omission of friction, and 
assumption of perfect fluidity in the molten nucleus, must be 
regarded as so far from the truth as to render the thickness 
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of crust deduced of comparatively little value. If the consi- 
deration of friction be introduced, and Laplace’s law of density 
be abandoned, the thickness of the earth’s crust might be sup- 
posed 10 miles as easily as 800 miles. 

Secondly. My. Hennessy has found a thickness for the crust 
of the earth on the following hypotheses :— 

A. Laplace’s law of density for the fluid parts of the earth. 

B. The specific gravity of the solidified fluid not the same 
as that of the fluid, and an assumption of their ratio from some 
experiments. 

C. That the outer surface of the earth is not perpendicular to 
gravity, and that the small difference between its surface and 
that perpendicular to gravity is a real difference. 

By combinations of the foregoing hypotheses, Mr. Hennessy 
obtaims various values for the thickness of the earth’s crust, all 
of which of course have no higher value than the hypotheses on 
which they rest. The first and third of these hypotheses I do 
not admit; but I think that much important formation might 
be obtained by well-directed experiments made with reference to 
the second hypothesis. 

Thirdly. My own investigations on the thickness of the earth’s 
erust are essentially sceptical, and were published with the view 
of showing that the entire subject requires so many hypotheses, 
that it is of little. if any value in aid of geological theory. I 
am quite willing, however, to admit that “this defect would be 
regarded by some ecologists as no disadvantage, as it would fall 
in the better with the wild and unfounded speculations which 
are the standing reproach of their science. 

The result at which I arrived from the mathematical exa- 
mination of this problem was, that three hypotheses are neces- 
sary for its solution, and that these three hypotheses are arbi- 
trary in the present state of our knowledge. I think it is easy 
to show that Mr. Hopkins and Mr. Hennessy have each made 
three such hypotheses. 


Mr. Hopkins’s hypotheses. 
dviclaplace’s lew :'wx!we |. ogbitdevoe bere Denieds 
2. Perfect fluidity. . . . « Improbable. 
3. Law of density of crust and nt 

mprobable. 
dhe samen wij worst wi! fe 

Mr. Hennessy’s hypotheses. 


1. Laplace’s law in fluid part « . . Denied. 
2. Law of density of crust . . . . Unknown. 
3. Law of ellipticity of crust. . . . Unknown. 


It is quite true that I added an example of the mode of 
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determining the thickness of the crust of the earth, provided we 
possessed the requisite knowledge; but I never dreamed that 
any mathematician could seriously imagine from my paper that 
I attached any value of a positive character to such a calculation. 

It is difficult to conduct a controversy between Caleutta and 
Dablin; but I am sure your readers will agree with me, that if 
Archdeacon Pratt and I could communicate with each other in 
a right line, we should both have our knowledge of the interior 
of the earth considerably improved. I confess I do not sce how 
we are to know more than we do about it, until some such tun- 
nel shall have been made, pending which I shall remain a sceptic. 

I am, Gentlemen, 
Your obedient Servant, 


Trinity College, Dublin, Samuet Havucuron. 
October 22, 1859. 


Postscriptum.—Since writing the foregoing, I have read with 
some surprise Archdeacon Pratt’s further paper “On the Thick- 
ness of the Harth’s Crust,” in the Philosophical Magazine for 
the present month ; on the first part of which I beg leave to 
make the following remarks. 

He has omitted, in his consideration of the equilibrium of the 
Himalayah Mountain, the principle of the arch, which is the 
most important feature of the problem. 

I now restore the arch as follows, and show that a thickness 
of 0°272 of a mile at Dehra is abundantly sufficient to support 
the Himalayah Mountain. 

The minimum thickness of an arch composed of smooth vous- 
soirs, is found from the condition that the curve of pressure 
shall touch the Extrados at the crown, and the Intrados at the 
skewback of the arch. 

To apply this principle, I draw a tangent at the summit of the 
Himalayah to meet the radius through the centre of gravity 
(making an angle 1° 13! 20", as supposed by Archdeacon 
Pratt, for an approximation), and, from the point of intersection, 
let fall a perpendicular on the radius drawn through Dehra. 
The foot of this perpendicular lies 0:274 mile inside the surface 
of the ground at Dehra. This depth is the minimum thickness 
of the crust at this point. 

It is to be observed that this result is entirely irrespective of 
cohesion or friction, which cannot come into operation until the 
elementary condition of equilibrium of the arch fails. 

But it may be said that the crushing force due to the weight 
of the mountain, will overcome the tenacity of the igneous rock 
of which the summit of the Himalayah is composed. This objec- 
tion I dispose of as follows, 
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Assuming Archdeacon Pratt’s area 897°7 miles (which, how- 
ever, is ieretoneileable with his centre of gravity, deduced with- 
out either rectangle or parabola), I find the pressure on the 
crown of the arch to be 6213 miles of rock. 

This cannot crush an igneous rock, which will bear 115,755 
miles of its own material, as may be inferred from the following 
experiment of 'Tredgold :— 

“Tt required a weight of 24,556 Ibs. avoirdupois to crush a 
cube of Aberdeen eranite 1} inch side, and spec. grav. 2°625.” 

In the equation (Phil. Mag. p- 347, foot of page) the coeffi- 
cient 2 is left out before (Ata versin @), an error which affects 
nearly all the figures of page 348; but as this numerical inaccu- 
racy does not seriously affect the result obtained by Archdeacon 
Pratt, I lay no stress upon it. 

Trinity College, Dublin, Samvuet Haveuron. 

November 10, 1859. 


LXIV. On the bearing of the Phenomena of Diffraction on the 
Direction of the Vibrations of Polarized Light, with Remarks 
on the Paper of Professor F. Eisenlohr. Sy Professor G. G. 
StokEs*, 


ty Ke appearance in the Philosophical Magazine for Septem- 

ber of a translation of Professor F. Eisenlohr’s paper in 
the 104th volume of Poggendorff’s Annalen, induces me to offer 
some remarks on the subject there treated of. 

Had my paper “ On the Dynamical Theory of Diffraction 3 
been deals to M. Hisenlohr at the time when he wrote, he 
would have seen that I did not content myself with merely 
resolving the vibrations of the incident light in directions parallel 
and perpendicular to the diffracted ray, and neglecting the former 
component, as competent to produce only normal vibrations, but 
that I gave a rigorous dynamical solution of the problem, in 
which the normal vibrations, or their imaginary representatives, 
as well as the transversal vibrations, were fully taken into 
account, though the result of the investigation showed that, in 
case of diffraction in one and the same medium (the only case 
investigated), the state of polarization of the diffracted ray was 
independent of the normal vibrations. M. Eisenlohr’s result, 
on the other hand, confessedly rests on the assumption that the 
diffracted ray may be regarded as produced by an incident ray 
agreeing in direction of propagation with an incident ray which 
would produce the diffracted ray by regular refraction, but in 
direction of vibration (nm the immediate neighbourhood of the 


* Communicated by the Author. 
+ Cambridge Philosophical Transactions, vol. ix. p. 1. 


—_—_— ~~ -”™ 


Sea it) 


* 
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surface at which the diffraction takes place) with the actual inci- 
dent ray. This assumption, though plausible at first sight, is 
altogether precarious ; and since in the particular case of diffrac- 
tion in one and the same medium it leads to a result at variance 
with that of a rigorous investigation, it cannot be admitted. 

M. Hisenlohr’s formula agrees no doubt very well with M. 
Holtzmann’s experiments; but then it must be recollected that 
the formula contains a disposable constant, whereby such an 
agreement can in good measure be brought about. But in 
agreeing with these experiments, it is necessarily at variance 
with mine, in passing to which it is not allowable to change the 
value of the disposable constant. I can no more ignore the 
uniform result of my own experiments, than I am disposed to 
dispute the accuracy of M. Holtzmann’s, made under different 
experimental circumstances. Whether the circumstances of his 
experiments or of mine made the nearer approach to the sim- 
plicity assumed in theory, or whether in both there did not exist 
experimental conditions sensibly influencing the result, but of 
such a nature that it would be impracticable to take account of 
them in theory, is a question which at present I think it would 
be premature to discuss. I still adhere to the opinion I formerly 
expressed*, that the whole question must be subjected to a 
thoroughly searching experimental investigation before physical 
conclusions can safely be drawn from the pheenomena. 


LXV. On the Angle of Dock Gates and the Bee’s Cell. By 
Cuartes M. Wituicu, Actuary, University Life Assurance 
Society. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
ee question as to the proper angle at which dock gates 
should be placed so that the timber employed should yield 
the most favourable result, has often been discussed by mathe- 
maticians, and determined as a problem of maxima and minima. 

The angle has been found to be 109° 28! 16". 

A patient consideration of the properties of the cube and its 
partition, has led me to the fact that the geometrical solid formed 
by the union of two cubes, being a dodecahedron with twelve 
rhomboidal faces, produces angles affording the greatest amount 
of resistance. 

The obtuse angle on the face of this dodecahedron produced 
by the union of two cubes as above mentioned, is the precise 
angle which affords the greatest resistance to water pressure in, 
a dock gate. 

* Phil, Mag. Ser. 4, vol. xiii. p. 159. 
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The partition of another regular solid body, the tetrahedron, 
effected by cutting off four smaller tetrahedrons, of half the 
length of the base, will leave the platonic or regular octahedron, 
whose eight faces are equilateral triangles—and these faces we 
find incline to each other at an angle of 109° 28! 16", thus arri- 
ving at the same angle, although we make use of two very differ- 
ent simple solids—the cube, and tetrahedron. There are other 
curious interchanges, as in the partition of the dodecahedron, 
the trihedral summit forms one-fourth part of a tetrahedron. 

The laws of nature are always simple; we might therefore be 
led to expect that the same angle which is best for the dock 
gates, should be precisely the same as that of the trihedral roof 
of the bee’s cell. The mode of arriving at the angle of the bee’s 
cell I have shown in a letter which is imserted in ‘The Literary 
Gazette’ of the 9th of July, and which I beg to annex at foot*, 


* « On the Partition of the Cube, and the Construction of the Bee’s Cell. 
(To the Editor of the Literary Gazette.) 


“*Str,—Many years ago you inserted in your journal a paper of mine on 
the subject of an approximate geometrical quadrature of the circle. That 
approximation I afterwards succeeded in obtainmg to within the s747th 
part of the side of the square sought; and the Royal Society, on the 10th 
of May, 1855, so far relaxed the rule adopted with reference to questions 
of this description as to admit the paper to be read; and a short account 
was inserted in their ‘ Proceedings.’ 

“T am now anxious to announce that I have succeeded in dividing the 
cube into several geometrical solids, with which many definite and regular 
geometrical bodies may be constructed. WApe. 

“Perhaps one of the most curious is that of the bee's cell, which is in 
fact an elongated dodecahedron; and consequently the angles of the tri- 
hedral roof and base, respecting which so many learned investigations have 
been made, can be no other than those of the true geometrical solid. 

‘** Without the aid of diagrams it is not easy to make the forms of solids 
clear to the mind in a popular way. 

“A cube may be divided into six equal and uniform bodies in two differ- 
ent ways :— { . 5 

“st. By lines from the centre to the eight angles of the cube, which will 
give six 4-sided pyramids. ’ 

“Qndly. By lines from one of the upper angles of the cube, drawn dia- 
gonally to the three opposite angles, dividing the cube into three equal and 
uniform solids. Each of these solids being halved, forms a left- and a 
right-handed solid. These six solids, though equal in solidity, differ so far 
in shape, as three are left-handed and three right-handed, in the same way 
as the hands of the human body. 

“‘ Bach of the six bodies obtained by the second mode of partition may 
be divided into two of equal solidity and of similar shape. Two of these 
bodies, each being one-twelfth of the cube, may be so united as to produce 
the pyramid obtained by the first mode of partition. Six of these bodies, 
each being one-twelfth part of a cube, may be so arranged as to form the 
oblique rhomboid. Poa ; 

“For the present investigation we will not proceed further than the 
solid thus obtained, being the one-twelfth part of the cube. By this body, 
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as it explains the manner of constructing the bee’s cell, and of 
obtaining the angle required. 

I intend very soon to enter more fully upon the subject, and 
by the aid of models to show the construction of the bee’s cell, 
as well as that of many other bodies. I am of opinion that the 
study of geometry would be simplified by the use of models, 
showing how certain forms are built up with solids of a definite, 
though not of a primitive form. 

I remain, Gentlemen, 
Your most obedient Servant, 


25 Suffolk Street, Pall Mall, S.W., Cuartes M. WiLxicu, 
August 10, 1859. 


— 


LXVI. Remarks on the immediate Source of the Carbon exhaled by 
the Lungs. By Evwaxv Situ, M.D., LL.B., Licentiate of 
the Royal College of Physicians, Assistant Physician to the 
Hospital for Consumption, Brompton, &c.* 


1 the course of a lengthened inquiry into the influence of 
foods and other agents over the evolution of carbonic acid, 
now being published in the Transactions of the Royal and other 
Societies, numerous facts have been observed which offer mate- 


by using a different number and mode of arrangement, may be produced a 
variety of symmetrical geometrical forms, in addition to the following :— 

**]. The cube consists of twelve of these bodies. 

“2. The octahedron consists of four of these hodies. 

“3. The oblique rhomboid consists of six of these bodies. 

“4. The dodecahedron consists of twenty-four of these bodes. 

“5. The dodecahedron also consists of four oblique rhomboids—or two 
cubes, or six octaledrons. 

“The bee’s cell consists of seven oblique rhomboids, or forty-two half 
pyramids. 

“Tt is therefore evident that the bee’s cell is an elongated dodecahedron. 

“Tt may be observed that the pyramid, or one-sixth of the cube obtained 
by the first mode of partition, may be divided into four bodies, each of 
which is one-third of a cube containing one-eighth of the mass of the cube 
from which it was derived. So that, in fact, we may go on dividing and 
reproducing bodies of a similar shape, and still retaining the diagonal lines 
of the cube. How far this subdivision may be carried in nature, or how 
much further than our powers of vision go, I will not at present venture an 
opinion. We can imagine the commencing atoms may be infinitely small, 
when we remember the wonders revealed by the microscope. 

“T remain, Sir, your most obedient Servant, 


“95 Suffolk Street, Pall Mall, S.W., “Cartes M, WILLIcH.” 
July 4, 1859.” 


* Communicated by the Author. 
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rial for reflection in connexion with this difficult subject. These 
have an interest alike to the chemist and the physiologist; and 
as so little is really known as to the precise mode in which 
foods perform their function of nourishing the body, any 
additional facts may also have an interest to the practising 
physician. 

I purpose to consider the subject in the three following points 
of view. The carbonevolved at any particularmoment is derived— 

Ist. From the immediate transformation of food containing 
carbon. 

2nd. From the blood, in which it is held free or loosely asso- 
ciated with a base. 
| rig From the direct transformation of the vital tissues of the 

ody. 

In the papers above referred to, I have shown that there is a 
uniform and progressive variation in the quantity of carbonic 
acid evolved after each meal. There is an increase commen- 
cing within half an hour after the meal, and attaming its maxi- 
mum in from two to three hours; and from this point the 
decline commences, and proceeds until the next meal. This 
occurs after every meal; and with a suitable interval between 
the meals, the whole increase is lost before the next meal; 
but this is not usually the case after the midday dinner meal. 
The direct connexion of the meal with the increase, and the in- 
crease and decrease being in a definite order and occupying a 
certain period, and being connected with the appetite or desire 
for food, there is the strongest @ priori reason for attributing 
the increase in the carbon expired to the supply of carbon which 
the meals have afforded, and therefore to refer the source of the 
carbon to the first head. 

But I shall show that this theory is open to two classes of ob- 
jections, viz. in not accounting for many facts, and in being op- 
posed by many others. It does not account for the following 
facts :— 

lst. In a day of fasting there is no noticeable variation, hour 
by hour, in the quantity of carbonic acid evolved, but a uniform 
quantity is expired which is so great as two-thirds of the whole 
quantity evolved with the ordinary meals. Hence this large and 
constant quantity cannot be due to the immediate transforma- 
tion of food. 

The same objection lies in reference to all that large quantity 
of carbon which is evolved up to the minimum point observed 
with food, viz. that which occurs before the meal, and which is 
the same as is continued through the day in the absence of 
food. 

2nd. I have proved that when starch or fat is taken alone, 
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it does not increase the quantity of carbon evolved, or rather 
that with starch there is a very small increase, and with fat a 
corresponding decrease. Hence on this theory these substances 
have no action; and yet they must be the chief source of the 
supply of carbon to the system. It is true that by this test, 
viz. the absence of effect in increasing the evolution of carbon, 
we cannot prove that these substances thus taken are ultimately 
resolved into their elements ; but we know well that they do 
become transformed and take a share in maintaining the evolution 
of carbon, for example, to the minimum line above mentioned. 

3rd. There are numerous substances contained in food, which, 
when taken alone, cause the evolution of more carbon than they 
themselves contain. Such are tea, gluten, and casein,—the first 
causing a maximum increase of from 13 to 23 grains, and the two 
latter of 1 grain of carbonic acid per minute, the duration of the 
increase existing from one to two hours. 

Ath. Other substances, and those which are the richest in car- 
bon, contain much more carbon than is evolved by the increase 
which they occasion. Such are all cereals and sugars, both of 
which cause a maximum increase of upwards of 2 grains of car- 
bonic acid per minute, with a duration of the increase of 3 hours 
from the former and 1] to 13 hour from the latter. 

Hence if it be assumed that in any case the increased evolu- 
tion of carbon is due directly to the transformation of the food 
which gave rise to it, it fails to account for nearly every phzeno- 
menon connected with the action of foods, and is destitute of 
proof, 

The second theory, or that which assumes that evolution of 
carbonic acid is due to indirect or intermediate influences acting 
upon the blood, is supported by numerous facts. Under this 
head I refer to the hypothesis of Baron Liebig, who has shown 
that soda is the base which has the greatest capacity for the ab- 
sorption of carbonic acid, and to the facts that the carbonic acid 
thus combined, may be set free either by the introduction of a free 
acid into the blood, or by the diminution of carbonic acid in the 
air on the lung-surface of the capillaries. Hence food, during 
its transformation, but before its final resolution into carbonic 
acid, may act indirectly by disengaging the carbonic acid then 
and previously existing in the blood; and whatever will cause 
increased depth of inspiration, may induce the more rapid disen- 
gagement of carbonic acid from the blood by lessening the 
amount of that gas existing in the air-vesicles of the lung. 
Without assuming that this theory is true in its entirety, the 
following facts offer great support to this or similar views. 

1. Vierordt has shown that increased depth of inspiration 
causes increased evolution of carbonic acid ; 
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Also that voluntary inerease in the quantity of air inspired, 
whilst the conditions in which the body is placed remain the 
same, causes increase in the quantity of carbonic acid evolved. 

My own experiments support these statements, and have also 
shown that whenever food caused an increased elimination of 
carbonic acid, the respirations were deeper, but not more fre- 
quent. 

All these have reference to a variation in the proportion of 
carbonic acid on the two sides of the capillary membrane. 

2. The action of tea, gluten, and casein, in causing the 
evolution of more carbon than they supply, and of the cereals 
and sugar in causing the elimination of only a small part of their 
carbon during this period of increase, agrees with this theory ; 
for this indirect or intermediate action is independent of the car- 
bon contained in the aliment, and may therefore bear no definite 
proportion to it. Indeed, as has been shown above, starch and 
fat, so rich in carbon, are almost inert in reference to this increase 
in the evolution of carbon. 

3. The fact that this effect does not increase pari passu with 
increase in the dose, supports the theory of this indirect action. 
Thus tea, gluten, and casei act as well in a moderately small 
dose as in larger ones; indeed, in reference to tea it was proved 
that, whilst 50 grains caused a large evolution, 100 grs. seldom 
caused a larger, and 150 grs. often induced a smaller evolution 
than that resulting from 50 grs. A certain quantity of one of 
these substances being present at a given moment, the effect is 
not proportionately greater from a larger dose. 

4, A repetition of small doses has much greater effect than 
the administration of the amount of a number of small doses 
given at once. Thus 150 grs. of tea caused a total increase in 
a given time of from 50 to 60 grs. of carbonic acid ; but 6 doses 
of 25 grs. each, given at intervals of a quarter of an hour in the 
same time, caused the evolution of 200 grs. of carbonic acid. 
This quality is known to exist in various drugs. 

5. The rapidity of the action of substances comports the best 
with this theory. Thus 1} 0z. of sugar dissolved in water will 
cause an increase of 1 gr. of carbonic acid per minute in less than 
10 minutes, and a maximum increase of 23 grs. in 27 minutes, 
after which period there is a rapid subsidence. It is true that 
by reagents we may transform one kind of sugar into another 
kind in an instant, and may convert starch into dextrine in a 
very short period; still there are no facts which warrant the 
belief in so rapid a resolution of sugar into carbonic acid as 
that just given. On the theory under discussion, however, the 
rapidity observed in the increased evolution of carbonic acid 


offers no objection. 
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6. I have found great variation in the action of acids and 
alkalies at various periods of the day and year in reference to this 
subject ; but commonly acids somewhat increased the evolution 
of carbonic acid, and alkalies lessened it. (It may be remarked 
that lactic acid never gave an increase.) This general action, 
as well as the variations observed, are explicable on this theory, 
since the one will increase the disengagement, and the other the 
absorption of carbonic acid; and both will be dependent upon 
the existing relation between the free acid and base in the blood. 

Hence this theory of the indirect elimination of carbonic acid 
from the blood is supported by and explains important facts ; 
but it leaves untouched the source whence the carbon is directly 
supplied to the blood. It would of course follow as an inference, 
that this removal of carbonic acid from the blood would give 
temporarily a greater capacity to the blood for the reception 
of a new supply; and it is possible that this might tend to the 
increased resolution of material into carbonic acid, and thus 
carry us a step backward in the process ; but proof is yet wanting. 
This, however, leads us to the third theory, viz. an increase in 
the changes proceeding in the vital tissues. 

There are numerous facts which support this view. Thus:— 

1. Exertion, which must imply the production of muscular 
power, and therefore the waste of that tissue, causes instantaneous 
increase in the evolution of carbonic acid; and that increase is, 
within the limits of the strength and power of endurance of the 
individual, part passu with the increase of exertion. This is of 
course quite independent of either the direct or indirect action of 
food, is so constant that during the working day it is almost ever 
acting, and so powerful, that in running at full speed or working 
the treadwheel it causes an increase of seven times the quantity 
at rest. It is always accompanied both by increased depth and 
frequency of respiration, and thereby it alters the relation of the 
carbonic acid on the two sides of the capillary membrane, in ac- 
cordance with the second theory ; but this increase is a conse- 
quence of the exertion, and is due to the anterior cause of the 
increased action of the non-respiratory muscles. Hence, whilst 
exertion may act on the second, it certainly acts on the third 
theory. 

2. The cause of the increased evolution of carbonic acid from 
a low temperature is not so easily explained. The power of 
absorbing carbonic acid by the blood varies with the temperature, 
and the air inspired varies in temperature ; but since the tempe- 
rature of the intimate tissue of the lungs and of the blood varies 
but little, it is difficult to see how the influence of low temperature 
ean be exerted. It is not explained by variation in the amount 
of exertion made at different seasons; for when at perfect rest, 
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there is a larger increase in the quantity of carbonic acid evolved 
in cold than in hot weather, but not in a definite relation to the 
degrees of heat. Thus at a medium temperature of 55° to 60° 
F. there is no relation between the temperature and the carbonic 
acid ; with higher and lower temperatures the relations of the 
carbonic acid are inverse, but so that sudden and violent changes 
have the greatest effect soon after the long continuance of the 
opposite condition, and after prolonged heat the carbonic acid 
still declines for a time after the temperature has begun to decline. 

The influence of temperature is next to that of exertion in poimt 
of duration and power, but the precise mode in which it acts is 
not yet made known. 

3. The relation between the quantity of carbonic acid and 
nitrogen evolved at the same period and under the same influences 
poit to this theory. It is known that with exertion there is 
this relation in reference to the carbon and nitrogen. Barral 
has shown that it exists in reference to season ; and I have proved 
that it occurs in the action of tea. It is highly probable that 
its existence is universal, but not in aconstant proportion. This 
points to the tissues of the body as the immediate source of both. 

4. The variation im the weight of the body due to the action 
of certain nitrogenous substances, as tea, for example, has re- 
ference to this theory. Thus at the Wakefield Convict Prison 
it was found that the addition of a pint of tea daily to the dietary, 
as well as the substitution of tea for gruel, both alike caused a 
loss of weight in the prisoners; and tea, as has just been shown, 
increases the elimination of both carbon and nitrogen pari passu, 
and in a quantity greater than it supplies. 

Such are some of the facts which have occurred to me in the 
course of some thousands of experiments. To these might be 
added others, as, for example, statements by Andral and Gavarret 
and others, in reference to the quantity of carbonic acid exhaled 
at different ages, which tend to show that the relation between 
the carbon and nitrogen excreted is maintained through life, 
proceeds somewhat pari passu with the amount of food taken, 
and is in relation to the activity and extent of the vital changes 
at different periods of life. 

Hence, on a review of the foregoing, we may conclude :— 

1. That although there may be an increase in the quantity of 
carbonic acid evolved after the introduction of food into the 
system, and that increase pursue a definite course, it is not de- 
rived from the carbon which was contained in the food taken 
immediately antecedent to it. 

2. All foods, whatever may be their constitution, produce this 
increase by an indirect influence, and before their own transform- 
ations are completed. 
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It is of interest to note that during this period of indirect 
action the other phenomena following the introduction of food 
are observed, as, for example, the increased pulsation and greater 
distribution of heat to the surface, all of which take place before 
the transformation of food is fully completed. 

3. There is no relation whatever between the amount of this 
indirect influence and the quantity of carbon which they con- 
tain. 

4. Nearly every substance in which this indirect influence is 
considerable contains nitrogen. (Sugar is the principal exception 
with which I am at present acquainted.) With the exception of 
tea, the greatest influence is found when nitrogen is associated 
with much carbon, as in the cereals and milk. I have called 
these nitrogenous matters and sugar “ respiratory excitants.” 

These facts, added to the great and quick influence of sugar 
and its rapid conversion into acid, lend probability to the view 
that, in some instances at least, it is at the stage of conversion 
into acid, and by the acid, that this influence is exerted. 

5. It is a subject worthy of reflection, that whilst the admi- 
nistration of carbonaceous food is followed by and induces an in- 
creased evolution of carbon, the latter is not directly supplied 
from the former ; and moreover that every indirect action of the 
food is still not due to the carbon, nor is in relation to the quan- 
tity of carbon contained in it. What, then, is the course which 
the carbon pursues before it is really eliminated from the body ? 
Is it possible that in any case the aliment may be transformed in 
the blood, and be ultimately eliminated without having been an 
integral part of any solid tissue? or must all food be transformed 
into living tissue, and then be resolved before it quits the system ? 
or can both these processes exist at the same time in reference to 
the same food, or one be the course pursued by one kind of food 
and the other by another kind of food ? 

6. Is there any fallacy in these reflections in regarding the 
increased quantity of carbonic acid and omitting the constant 
quantity, since the increase is temporary and not more than half 
of the constant or minimum quantity? It is highly probable 
that each must be considered apart; but the periodic mcrease 
is so important as to be essential to life, since the constant or 
minimum quantity is that which also occwrs in entire abstinence 
from food,—a condition which we know to be inimical to life. 

7. When a substance causes an increased discharge of carbonic 
acid from the blood, is the process by which that carbonic acid 
is again supplied materially quickened? After the increase has 
proceeded for a definite but short period, it is followed by a de- 
crease which proceeds more or less quickly until the minimum 
quantity is again attained, as though the carbonic acid had been 
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discharged from the blood in greater quantity than it had been 
supplied to that fluid, and the supply had become exhausted ; 
but this diminution and cessation in the increase may not indi- 
cate any defect of carbonic acid still in the blood, but rather the 
cessation of that action of the food which causes the increased 
elimination ; for whenever a new supply of food is given, there 
1s a renewal of the increased discharge of carbonic acid. 


LXVII. Sketch of a Proof of the Theorem that every Algebraic 
Equation has a Root. By A. Cayury, Esq.* 


| HAVE referred to the theorem as usually stated; for it is 

an easy consequence of the existence of a single root of an 
equation of any order, that for an equation of the nth order there 
are n roots: the proof here proposed goes, however, to show 
directly the existence of the n roots: it is in form a geometrical 
one, and was suggested to me some months ago by a letter from 
Prof. De Morgan, containing the remark made in his memoir, 
“A Proof of the Existence of a Root in every Algebraic Equa- 
tion,” &c. (Camb. Phil. Trans. vol. x. 1858), viz. “ that the curves 
P=0, Q=0, the intersections whereof determine the root-points, 
are such that two branches, one of each curve, cannot enclose a 
space.” The proof which occurred to me was in character some- 
what similar to that given by the Astronomer Royal in the paper, 
“Suggestion of a Proof of the Theorem that every Algebraic 
Equation has a Root ” (Camb. Phil. Trans. vol. x. 1858), and 
which was suggested to him by Prof. De Morgan’s memoir. I 
have since varied my proof by considering therein cones in the 
place of plane curves. It will be obvious, upon reading it, that 
the proof is closely connected with Cauchy’s well-known theorem 
for the number of roots within a given circuit ; the circuit being 
in this case infinity, and the number of roots included within it 
consequently equal to the order of the equation. 

The curve represented by an equation of the nth degree be- 
tween the coordinates (2, y) is by definition a curve of the nth 
order ; and a cone standing on any such curve (taking the ver- 
tex for origin) is represented by a homogeneous equation of the 
nth degree between the coordinates (a, y, z), and is by definition 
a cone of the mth order. It is very easy to show that an equa- 
tion of the nth degree cannot have more than m roots; and we 
have thence the geometrical theorems, that a curve of the nth 
order is not intersected by a line in more than points, and that 
a cone of the mth order is not intersected by a plane (I speak 
throughout of planes through the vertex) in more than 2 lines. 
I assume that an algebraic curve is always a continuous curve, 
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viz. that it consists of a branch or branches, no one of which is 
a courbe pointillée, or a branch terminating abruptly in a point ; 
an algebraic cone will be in the like sense a continuous surface. 
An algebraic curve cannot be an indefinite spiral, for in that case 
there would be lines meeting it in an infinity of points; and in 
like manner an algebraic cone cannot be an indefinite spiral sur- 
face: an algebraic cone consists, therefore, of a closed sheet or 
sheets. An algebraic curve may indeed have conjugate or iso- 
lated points, and an algebraic cone have conjugate or isolated 
lines: this is a circumstance which will be adverted to in the 
sequel. It will fix the ideas as to the general form of an alge- 
braic cone, to remark that it may comprise twin-pair sheets, 
such as the sheet of a cone of the second order (this is properly 
spoken of as a twin-pair sheet, each of the two opposite portions 
of it being called, for distinction, a twin-sheet) ; and of single 
sheets, such as one at least of the sheets of a cone of the third 
or any other odd order (see the annexed “ Note upon Cones of 
the Third Order”). The advantage of the consideration of cones 
instead of plane curves, is that we have only closed sheets, and 
thus get rid of the distinction which exists for plane curves be- 
tween infinite branches and the branches which are closed 
curves. 

My proof depends on the following lemma, viz. “Consider 
two algebraic cones with the same vertex, each of them of the 
order x; then if there be some one plane meeting the first cone 
in v lines, and the second cone in n lines, such that the lines of 
each set occur alternately, the two cones intersect in at least n 
lines.” 

The truth of this lemma is, I conceive, a matter of intuition, 
depending only on the notion of the continuity of the sheets of 
the surface. Thus, if we have in plano, through a point O, the 
lines A, A! and B, B’, such that, A, « being opposite points on 
the same line, and so for the other lines, the order round O is 
A, B, A’, B', a, B, a’, B', it is obvious that we cannot through 
the lines A, A’ draw a cone, and through the lines B, B! draw a 
cone without making these cones intersect in at least two lines: 
and in like manner for two sets, each of n lines. I have, in the 
enunciation of the lemma, said that the cones are each of them 
of the order x; this was necessary in order to exclude a case 
which might otherwise have happened, viz. a line of intersection 
of the plane with either of the cones might have been a conjugate 
or isolated line without any sheet through it; and if this were 
so, we could not infer the existence of the n lines of intersection 
of the two cones. But if a plane meet an algebraic cone of the 
mth order in 7 lines, no one of these can be a conjugate or iso- 
lated line ; for such line is to be considered as two or more coin- 
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cident lines, and there would be in all more than 7 lines of in- 
tersection of the plane and cone. 
Consider now the equation 


gu=0, 


where dw is a rational and integral function of uw with (in general) 
imaginary coefficients, and write 


(ety ¥—]1)=P+Q V1, 


P, Q being real functions of (x, y), each of them of the degree 
n; if (a, y) are rectangular coordinates, then P=0, Q=O 
are real curves each of the order n. And to each point of inter- 
section of the two curves there corresponds a root of the equa- 
tion. The two curves do not intersect in more than z points 
(for if they did, the equation @u=0 would have more than n 
roots) ; hence if it be shown that the two curves intersect in at 
least n points, they will intersect in precisely n points, and the 
equation will have x roots. Take any point as the common ver- 
tex of two cones standing upon the curves P=0, (J¥=0 respec- 
tively ; each point of intersection of the two curves corresponds 
to a line of intersection of the two cones, and it is only necessary 
to show that the two cones intersect in at least m lines. Take 
for the vertex a point in the perpendicular at the origin of (a, y) 
to the plane of the two curves, and at a distance unity from such 
origin, viz. a pot such that, treating it as the origin of the 
coordinates (x, y, 2), the coordinates in respect thereto of the 
origin (xv, y) are x=0, y=0, z=1. The equations of the cones 
are at once deduced from those of the curves by writing therein 
(= z) in the place of (z, y) and, to render the equation integral, 
multiplying by 2”. Or if P'’=0, Q'=0 are the equations of the 
cones, we have 


op(2tyv =) =P'4Q!/=1. 


Consider the section by the plane through the vertex parallel 
to the plane of the two curves: the equation of this plane is 
z=0; and it is clear that, to obtain the intersections of this cone 


with the plane in question, we have only in p(sevseey to 
z 
disregard all the terms after the first. Suppose that 


pu= (a+b V —1)u"+ &e. ; 
then putting way PP 
(a+b V—1)\(a+y V—1)"=P'",4+Q, v—1, 


the equations P/,=0, Q'>=0 determine the intersections of the 
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plane z=0 with the cones P=0, Q=O respectively. But writing 
at+b/¥—1=A(cosa+ /—l1sina), 
atyW¥—1=r(cos0+ /—I1sin 8), 
we have 
Ar"{cos (nO+a) + “—1sin (n6+«)}=P)+ Qi, Vv —1, 
so that 
P),=Ar" cos (nO+a), Q!y>=Ar” sin (nO + a). 
Or the intersections with the cone P=0 are the n lines given in 
direction by the equation 
nO +a=(m-+ 3); 
and the intersections with the cone Q=O are the x lines given 
in direction by the equation 
nO+a2=mT, 
in each of which equations m is any integer number from 0 to 
n—1l. Hence the plane z=0 meets the cones in two sets of 
lines succeeding each other alternately, as required by the lemma, 


and the two cones intersect in at least m lines. And it is thus 
shown that the given equation of the nth degree has x roots. 


2 Stone Buildings, W.C., 
September 26, 1859. 


LXVIII. Note on Cones of the Third Order. 
By A. Cayiey, Esq.* 


\ (pe distinction adverted to in the preceding paper between 

the twin-pair sheets and single sheets of an algebraic cone 
is made (with respect to spherical curves, which is the same thing) 
by Mobius, in the interesting memoir “Ueber die Grundformen 
derLinien der dritten Ordnung,” Abh. der K. Sachs. Ges.zu Leipzig, 
vol. i. (1849). Consider the generating line POP! of a cone, 
vertex O, and let pOp! be any position of this line, the points 
P, P’, and in like manner the points p, p', being on opposite sides 
of the vertex ; then if OP originally coincides with Op (and there- 
fore OP! with Op’), and if, in the course of the generation of the 
surface, OP (without having first come to coincide with Op’) 
comes to coincide with Op, at the same time OP’ (without having 
first come to coincide with Op) will come to coincide with Op’, 
and we have a twin-pair sheet, viz. one twin-sheet generated by 
OP, and the other twin-sheet generated by OP’. This is the 
ordinary case of a cone of the second order, and requires no 
further explanation. It is proper to remark that, for cones of 
superior orders, the conical angle of each twin-sheet is not (as 
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for a cone of the second order) necessarily less than 360°. But 
suppose that OP, starting from the position Op, and before it 
again comes to coincide therewith, comes to coincide with Op!, 
then at the same time OP! (without haying first come again to 
coincide with Op’) will come to coincide with Op; the generation 
is here complete, and we have a single sheet, which, if the motion 
were continued until OP came to coincide with Op, would only 
be generated over again. ‘The conical angle of a single sheet is 
necessarily greater than 360°; for OP in coming to coincide 
with Op! must describe an angle greater than 180°, and OP! de- 
scribing an equal angle, the entire angle is therefore greater than 
360°; in the limiting case, where the entire angle is precisely 
360°, the conical surface is a plane. It is easy to cut out in 
paper and join together two sectors of a circle so as to form 
therewith a sector the angle whereof exceeds 360° ; such a sector 
can then, by joming together the two radial edges, be converted 
into a cone of a single sheet ; the generating lines being all finite 
lines equal in length, the curve formed by the circular edge is, 
it is clear, the spherical curve, which is the intersection of the cone 
by a concentric sphere. It is shown by Mobius (stating his 
result with respect to cones instead of spherical curves) that a 
cone of an odd order must have at least one single sheet ; a cone 
of the third order consists (1) of a single sheet, or else (2) of a 
single sheet and a twin-pair sheet. These are the two general 
forms of cones of the third order. But there are two special 
forms and one subspecial form, making in all five forms : viz., the 
two special forms are, (3) the cone has a nodal line ; (4) the cone 
has an isolated line; and the subspecial form is, (5) the cone 
has a cuspidal line. The relation of the different forms may be 
explained as follows. 

Starting from the form (1), as the constants of the equation 
change, the cone gathers itself up together so as to have a nodal 
live; this is the form (3). The loops of this form then detach 
themselves so as to form a twin-pair sheet, the remaining part 
of the surface reverting to a form similar to that of (1) ; we have 
thus a single sheet and twin-pair sheet, which is the form (2). 
The twin-pair sheet then dwindles away into an isolated line, 
giving the form (4); and lastly, the isolated line disappears and 
the cone resumes the form (1) : these four forms constitute, there- 
fore, a complete cycle. The constants may be such that the loop 
of the form (3) is evanescent, or, what is the same thing, that the 
forms (3) and (4) arise simultaneously ; there is in this case a 
cuspidal line, or we have the form (5). It may be added that 
for the general forms (1) and (2) there are always three lines of 
inflexion. This is also the case with the form (4), where there is 
an isolated line; but in the form (3), where there is a nodal line, 
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there is but one line of inflexion ; and in the form (5), where 
there is a cuspidal line, there is not any line of inflexion: the 
equivalent theorem for the spherical curves is given by Mobius*. 
It was remarked long ago by Sir I. Newton, that all curves of 
the third order could be generated as the shadows of the five 
cubical parabolas; these are, in fact, sections in a particular 
manner of the above-mentioned five forms of cones of the third 
order: the existence of five essentially distinct forms of cones 
of the third order is noticed by M. Chasles in the Apergu His- 
torique, 1837. The analytical distinction between the forms (1) 


3 
and (2) depends on the sign of the function 1— a where 8S, T 


are the quartinvariant and sextinvariant of the cubic form. I 
annex stereoscopic representations of the cones of the third order 


are 


of the general form (1),and of the form with a nodal line (3). The 


* It is hardly necessary to mention that, according to the general theory 
of cones of the third order, there are always nine lines of inflexion,—three 
real and six imaginary. Six of the lines of inflexion disappear when there 
is a double line, viz., in the case of a nodal line, two real and four imaginary 
lines of inflexion ; but in the case of an isolated line, the six imaginary 
lines of inflexion. When there is a cuspidal line, eight lines of inflexion, 
viz. two real lines and the six imaginary lines, disappear. 
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generating lines are finite lines of equal length, and the curved 
contours shown in the figures are consequently the spherical 
curves which are the intersections of the cones by concentric 
spheres. The figures are intended to be looked at with the 
glasses of a Reeves’s book stereoscope. 


2 Stone Buildings, W.C., 
September 26, 1859. 


LXIX. <A Theory of the Force of Gravity. 
By Professor CHauiis*. 


i) let undertaking on which I have entered, that of inves- 
tigating mathematically the laws of the physical forces, fails 
altogether if the investigation does not embrace the laws of gra- 
vity; for it is impossible that this force can be put in a different 
category from that of the others. I propose, therefore, to inquire, 
since gravity is an attractive force, how far its laws and properties, 
as known by experience and the results of calculation, can be 
accounted for by the Mathematical Theory of Attractive Forces 
which I have given in the Number of the Philosophical Maga- 
zine for November. But first a few preliminary remarks must 
be made. 

The actio in distans has been so long and so extensively re- 
garded as an ultimate principle, and not as a temporary hypo- 
thesis admitting eventually of explanation, that it requires some 
degree of moral courage to maintain a different theory. Science, 
in my opinion, is much indebted to Professor Faraday for having 
recently directed attention to the opposite views entertained by 
Newton on this point, and for giving expression to analogous 
ideas of his own. (See the Lecture on the Conservation of Force 
in the Phil. Mag. for April 1857, vol. xii. p. 232.) It is quite 
true, as Professor Faraday remarks, that the mathematician is 
not in a better situation than the experimentalist for originating 
conceptions of the nature of the physical forces; and at least 
it will be conceded that the impressions, or convictions, on this 
subject of a philosopher whose experimental researches have 
made him familiar with the action and effects of physical forces 
in a great variety of forms, are entitled to much consideration. 
At the same time it is true that all such antecedent concep- 
tions must be tested by the comparison with facts of deductions 
drawn from them by mathematics, and only after being so tested 
can they be added to the stock of common knowledge. 

The views put forth by Faraday have been contested by Pro- 
fessor Ernest Briicke of Vienna (Phil. Mag. for February 1858, 
p- 81), who endeavours by @ priori reasoning to connect the actio 
an distans with conservation of vis viva, as if the latter were an 
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antecedent and independent principle. This argument altogether 
leaves out of consideration the part performed by mathematics 
in physical research. The law of wis viva is a generalization of 
mathematical deductions from the observed modes of action of 
accelerative forces, and cannot, therefore, be legitimately adduced 
as an anterior principle from which the nature of those forces 
may be inferred. As we have no conception from personal ex- 
perience and sensation of any other species of force than pres- 
sure, the actio in distans does not admit of being explained by 
any previous or concomitant knowledge, but, if it be a reality, 
must for ever remain to us incomprehensible. All such argu- 
mentation as that employed by Professor Briicke is rendered 
nugatory, if it can be shown by mathematical reasoning that the 
physical forces are consequences of pressures. 

This is the undertaking in which I am engaged. But mathe- 
matical reasoning must set out from principles ; and in selecting 
those which are appropriate to this inquiry, I have been mainly 
guided by Newton’s views on the ultimate properties of matter, 
especially as embodied in the Regula Tertia Philosophandi in the 
Third Book of the ‘ Principia.’ The constituent particles of mat- 
ter are there said to have finite dimensions, and to be hard, im- 
penetrable, inert, and capable of movement. Whether they are 
indivisible is considered to be uncertain. Modern chemical 
science seems to have decided that they are appropriately desig- 
nated as atoms, the observed constancy of the properties of sim- 
ple bodies depending most probably on the indivisibility of their 
constituent particles. Newton concludes the Regula with these 
words : “Attamen gravitatem corporibus essentialem esse minimé 
affirmo. Per vim insitam intelligo solam vim inertie. Hee 
immutabilis est. Gravitas recedendo a terra diminuitur.” The 
Jesuits merely remark on the last sentence, “ut infra demon- 
strabitur,” seemingly not perceiving that it was added to point 
out the distinction between a quantitative property, and one that 
is not quantitative. The vis inertie is not quantitative, accord- 
ing to Newton. There may be more or less of inert matter, but 
not more or less of inertia. Hence the vis inertia is an essential 
property. But gravity being a quantitative function of space, is 
not an essential property of matter. Unless it can be shown 
that abstract numerical relations are not commensurate with the 
quantitative relations of natural bodies, it is a legitimate exten- 
sion of Newton’s principles to say that because the word square 
occurs in the enunciation of the law of gravity, for this reason 
alone the law is capable of demonstration. It is the peculiar 
province of the science of numbers to aid the understanding in 
tracing the consequences of hypotheses, and from true hypo- 
theses to arrive at quantitative laws. 
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In order to bring the inquiry into the laws of forces within the 
domain of mathematics, I have added to the Newtonian hypo- 
theses two others ; viz. that the ultimate atoms of bodies are 
spherical, and that they are acted upon by the pressure of a 
highly elastic medium pervading space. The existence of such 
a medium is almost demonstrated by the undulatory theory of 
light. It is supposed that this medium is always and everywhere 
equally in action, but that its action becomes perceptible only 
when from any cause it is made to press unequally on opposite 
hemispherical surfaces of the atoms. This hypothesis is in accord- 
ance with what Faraday denominates the principle of the conser- 
vation of force, If the physical forces are all resolvable into 
pressures of the same medium, a reason is at once given for that 
mutual relation and mechanical equivalence between them, which 
experimentalists have recently begun to recognize. 

The hypotheses above stated necessitate the application of 
partial differential equations, because they require the investiga- 
tion of the laws of the motion inter se of the different elementary 
portions of a fluid medium. The class of dynamical questions 
answered by common differential equations have exclusive refer- 
ence to the motion, under the action of given forces, of a single 
point, or of an aggregate of points rigidly connected. The great 
problems of physical astronomy are solved by means of equa- 
tions of this order, the treatment and applications of which are 
well understood. It can scarcely be doubted that problems of a 
still more comprehensive character remain to be solved by partial 
differential equations; but it must be confessed that at present 
the principles of the application of the higher orders of differential 
equations to physical questions, and the rules for drawing infer- 
ences from their solutions, are very imperfectly known. In the 
treatment of the problems proposed in my communication to the 
Philosophical Magazine for November, I believe that I have 
avoided errors of principle into which other mathematicians have 
fallen, and that, although more expeditious and systematic me- 
thods of solving the same problems may be discovered, different 
results will not be obtained. There are, however, some points 
admitting of further elucidation, which will be adverted to before 
any conclusions are drawn relative to the force of gravity. 

The type of the waves whose dynamical action is considered 
in Problem IV., is expressed by the equations 

V=xac=msin (= (kat — a) + e), 
in which the origin of # may, if we please, be the centre of the 
fixed spherical atom. In that case the values of a for points on 
the surface of the atom are so small compared to 2, that without 
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sensible error they may be omitted. Also it appeared from the 
reasoning that the propagation into space of the condensations 
due to the disturbance of the original waves by the reaction of 
the surface of the atom, might be regarded as instantaneous. 
Hence, P being put for Nap. log p, and its values being restricted 
to those condensations, it follows that 


P=m¢(z, y, 2) sin( >t +e), 


which form of expression is plainly consistent with the hydrody- 
namical equation 
d?P — 32 ( el Rg A aN: 
EAS dy? 


dae * dy? +e)" 


Hence the supposition that P=f(t)¢ (a, y, z), which was made 
in the former communication, is shown to be legitimate, the 
function f(¢) satisfying the equation f"(t) +22/(t)=0. But the 
above equation, being linear, allows of making a supposition 
more general and more applicable to the proposed problem, viz. 


P=fiOd, (#, y, 2) + folie (a y, 2) + &e., 


provided that f(t) +f,(t)=0, fi(t) + <2f,(t)=0, &c. For if 
these equations be satisfied, it will be found that 
Pe ee, La ae 
a * apt ae te mos 


2 
or, putting k? for = and transforming to polar coordinates, 


d?.7P 1 fd?.7rP d.rP ae 

“ae tia ape + ap c0t 8) + HP =o. 
To obtain a particular solution of this equation, let it be assumed 
that 


d.rP 
a = (Si, + fore cos 8) sin 0, 


f, and f, being, by what is shown above, periodic functions of 
the time, and y,, yy. being by supposition functions of r only. 
Then substituting in the above equation, after differentiating it 
with respect to @, there will result 


d? 2 : ‘ 


Consequently the equation is satisfied if yr, and yf, are the par- 
ticular functions of » given by the integration of the equations 
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d? eat 
da? 6 

= ” +k»p,=0. 

If the terms in these equations involving A? be omitted, it will 
be assumed, as before, that the propagation in the direction of r 


is instantaneous. Hence the equations are satisfied with sufli- 
cient approximation by the values 


y=—, Yo= 


C, 
2 ; 
consequently 
dP fC, 
dor? 


This equation applies to motion along the surface of the atom, by 
putting for r its radius c. Now since, if V be the velocity along 
the surface, 


dV bd AO Aiaite foe 


sin no+ 252 2 sin 6 cos 6. 


2-2" sin 6 cos 6, 


dt cdO 
we have by integration, 
F,C O° i F, E abt 


Ve 3H in O@+ sin 6 cos 6, 


F, being substituted for — f fidt, and F, for — i) Soilt. 


The value of V adopted on independent considerations in the 
solution of Problem IV. was 


W sin 6-9 sin 0 cos 8, 


Xr 
under the form obtained above, and is thus proved to be con- 
sistent with the general hydrodynamical equations. The second 
term applies only to the hemispherical surface on which the waves 


W being equal to msin bee +e), Hence this value comes 


are not directly incident, and vanishes where 0= 7 and 0=r. 


6 


In the former article it was incorrectly said to vanish where 0 = 0 
and @= 5 


The reason that the factor g is always positive may be stated 
as follows :—A plane being conceived to be drawn through the 
centre of the sphere perpendicular to the direction of the inci- 
dence of the waves, the action of the fluid in contact with the 
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further half of the sphere is not directly caused by the waves, 
but results from the momentum of the fluid which passes that 
plane. But the ‘sum of the momenta of the condensed portion 
of a wave is greater than that of the rarefied portion. Hence the 
expression for the pressure (a?s) on any point of the further he- 
mispherical surface must contain a term involving g, not wholly 
periodic, and as the condensation prevails the non-periodic part 
must be positive. In fact it was shown that the above value of 
V conducted to an expression for a?(s—o), which contains the 
term 
eqgW d?W 
2an>" dt? 
the non-periodic part of which is positive if g be positive. 
Again, from the reasoning of the former article, it appears 
that g is independent of the radius of the atom. For it was 
found that whether or not the effect of the spherical surface in 
causing the fluid in contact with it to move in a circular path, 
be taken into account, the foregoing differential equation, of 
which P is the principal variable, is equally obtained. Whence 
2 


it follows that the value of 


cos?6, 


iy 
db” that is, of — a8 independ- 


ent of the curvature of the spherical surface, and consequently 
that g in the above expression for V is independent of ec. 

We are now prepared to draw some general conclusions re- 
specting the permanent motion of translation of a spherical 
atom submitted to the action of the assumed series of waves. 
The expression for the part of the pressure which causes such 
movement was found to be 
mc?gam 

2Kr? ~° 


1. According to an hypothesis already stated, the ultimate 
atoms of bodies differ in size, but not in intrinsic inertia. Nor 
can one atom be said to be denser than another, because density 
is a quantitative quality of bodies, depending wholly on their 
being aggregations of atoms. Hence the quantity of inert matter 

4arc® 

37 

value of the pressure by this quantity, it will follow that atoms 
of different magnitudes are equally accelerated. 

2. From hydrodynamical principles it is proved that A, the 
breadth of the waves, does not vary with the distance to which 
they are propagated from the origin. The phenomena of light 
exhibit, according to the undulatory hypothesis, actual instances 
of this law. Hence the acceleration of the atom yaries as m?; 


in the atom of radius c is 


Consequently, dividing the above 
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but by the same principles m varies inversely as the distance 
from the origin of the waves. Hence the acceleration varies 
inversely as the square of the distance. 

Also if there be several series of waves propagated from the 
same centre, having different values of m and 2, the condensa- 
tion and velocity resulting from them at a given point are 
expressed to the first order of small quantities by a function of 
the form 


9 
m sin (+6) +m! sin (Sa+ ) + &e. 


But, from what has been shown, the pressure which gives to an 
atom a permanent motion of translation, depends on the non- 
periodic part of the square of this expression, and therefore 
varies as Am?+ Bm'?+ &c, Hence, as each of the quantities m, 
m', &c. varies inversely as the distance from the centre, it follows 
that the acceleration of an atom produced by a compound series of 
waves emanating from a centre, varies inversely as the square of 
the distance from the centre. 

3. By the mathematical theory it is shown that there is no sen- 
sible dynamical action between the medium and the atom if 
the latter move uniformly, the pressures on opposite hemi- 
spheres just counteracting each other. Also if the motion be 
variable, and the variation be extremely slow compared to that 
of the vibratory motion of the particles of the medium, no 
sensible action of the medium on the atom results from this 
motion, because such action could only be expressed by means 
of a periodic function in which A is immensely large compared 
to the A of the waves. Consequently the acceleration of the 
atom is independent of the acquired velocity. 

4. In waves for which X is very small, the dynamical action 
depending on the first power of m may be very great, because the 
principal term of the first order in the value of a? (s—o), viz. 
5 - ou cos 6, contains X in the denominator. On this account, 
since action and reaction must be equal, the vibratory motion of 
the waves of light in transparent substances may be greatly im- 
peded by the mean counteraction of the inertia of the atoms, and 
the rate of their propagation be consequently diminished. But 
as the above expression for waves 1 foot in breadth, m being 
given, has only gpjsonth part of the value it has for waves 
of light, it is quite possible that that expression may be extremely 
small for waves having much larger values of m and ) than those 
of light-undulations. In that case they would be transmitted 
through solid bodies without sensible alteration of character, or 
retardation of the rate of propagation. Thus each individual of 
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a collection of atoms would be acted upon in the same manner 
and degree as if it were alone; and hence by reference to (1) it 
will appear that the acceleration of all masses will be the same, 
whatever be their composition or state of aggregation. 

5. If there be several series of waves propagated in different 
directions, and having different values of m and X, the velocity 
and condensation due to a single additional series may still be 
expressed to the first order of small quantities by the function 


m sin — +c), because to quantities of this order the hydro- 


dynamical equations are linear. But the complete expression 
will be of the form 


mf, (t) + m@f,(¢) + mm'f,(¢) + mm" f,(t) + &e., 


because the modification which the new waves undergo by reason 
-of the existing condensations and velocities of the other waves, 
must be expressed by terms of a higher order than the first, 
which all vanish if m=O, and vanish severally if m'=0, m=O, 
&e. The functions f3, f,, &c. will all be periodic, because the 
modifying action is periodic. Hence the effect of the additional 
series in producing a permanent motion of translation of the 
atom, being proportional to the non-periodic part of the square 
of the above quantity, will vary as m?+ terms of the fourth 
order, and consequently, excluding terms of that order, will be 
the same as if the other waves did not exist. Thus different 
series of waves from different origins, acting simultaneously, will 
each produce the same motion of translation of the atom as if it 
acted separately. 

6. In the mathematical investigation of the pressure of a 
‘series of waves upon an atom, it was assumed that the atom was 
fixed. Actually it is subject to a vibratory motion by the 
action of the waves under consideration, as well as of other 
waves. The effect of this circumstance upon the motion of 
translation of the atom will be taken into account by calculating 
independently the pressure of the waves on the atom supposed 
fixed, and that due to the motion of the atom in the fluid at rest. 
Now, by the solution of Problem III., which gives the complete 
value of the pressure at any point of a small sphere in motion, it 
appears from the equation («), that there is no resulting dyna- 
mical action between the sphere and the fluid depending on the 
square of the velocity of the former, and that the effective 
pressure on its surface is wholly periodic. On this account the 
movement of translation of the atom is the same, whether or not 
its vibratory motion be included in the investigation. 

The foregoing inferences seem to account sufficiently for the 
known laws of Gravity. It must, however, be borne in mind 
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that the hypotheses on which the reasoning rests cannot be con- 
sidered as established, unless the laws of the other physical 
forces are deducible from them in a similar manner. 

It may be urged against this theory, that if such be the 
modus operandi of gravity, some distinct indication of it might 
be expected to be given by phenomena. With reference to this 
point I remark that, if the rate of propagation of large waves 
through the interior of the earth be in a very small degree less 
than in free space, the form of the large mequalities of the 
earth’s surface will have an influence on the direction of gravity. 
The normals to the fronts of the waves will be made to incline 
towards high ground; and, in particular, the normals about a 
small island in the midst of a large ocean will incline towards its 
centre, and there produce an abnormal excess of gravity. And 
even if there be no difference between the exterior and interior 
rates of propagation, the waves must undergo a sudden diminu- 
tion of condensation and rarefaction on emergence from the 
surface of the earth, in consequence of the space in the interior 
being partly occupied by the matter of the atoms; the effect of 
which change on the directions of the normals, as affected by 
the form of the surface, will be the same as that just described. 
It is certainly remarkable that the local irregularities of gravity 
which have chiefly attracted notice are precisely of this kind. 
The excess of gravity in insular oceanic positions was long since 
a matter of observation ; and recently Archdeacon Pratt has shown 
that the plumb-line in India inclines from the zenith towards 
the Himalaya range, after the effect of the attraction of the 
elevated regions has been allowed for. 

Again, the mathematical theory seems to indicate that, if the 
approximation were carried further, the law of gravity would be 
found to be expressed by such a function as a H = / being 
excessively small. This second term, if at all sensible, would 
be most likely to be detected in the action of the Sun on Mer- 
cury. In fact, M. Le Verrier has recently shown that the mo- 
tion of the perihelion of this planet is not wholly accounted for 
by the attraction of known bodies. The proper course in this 
case is no doubt that which M. Le Verrier has recommended, 
viz. to endeavour to ascertain whether there are small bodies 
circulating between the Sun and Mercury, to which the residual 
motion of Mercury’s perihelion may be ascribed. But should 
this explanation fail, it might, I think, be reasonably questioned 
whether the law of gravity is so absolutely that of the inverse 
square as has been generally assumed. Bode’s law of the 
distances of the planets, which is considered to have received 
confirmation by the discovery of the small planets between Mars 
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and Jupiter, would, so far as it is a law, indicate that there is 
no planet nearer to the Sun than Mercury, because, the di- 
stances according to that law being a, a+b, a+rb,a+7r*b, &e., 
the quantities a and d are determined by the distances of Mer- 
cury and Venus. 

It may also be remarked that, if the law of gravity be absolute, 
there is no security for the stability of a system of stars, whether 
the system be the Milky Way or a nebulous cluster; for, how- 
ever small the mutual attraction between the constituent bodies 
may be, in the course of ages it must produce a general move- 
ment towards the central or densest region. But the forms of 
the Milky Way, and of certain nebule (as that of Orion) seem 
to present an utter contradiction to any such tendency. Ac- 
cording to the theory of gravity I have proposed, although the 
ordinary law may be exact through the solar system and far 
beyond, there must be distances at which the condition that the 
excursions of the vibrating particles of the ether are large com- 
pared to the dimensions of the atoms, ceases to be fulfilled. In 
that case the attraction changes to repulsion. Thus neighbour- 
ing stars may be repulsive to each other, while the action of the 
accumulated waves of the whole system upon outlying stars is 
attractive. The stability of the system would thus be secured 
in a manuer analogous to that in which, according to the view I 
have taken of molecular forces, the constituent atoms of bodies 
are held in positions of equilibrium. This theory would receive 
confirmation if the proper motions of stars should be found 
to be periodic. 

It will be perceived that the theory assumes that all bodies 
are centres of waves of large and constant magnitude, which may 
be regarded as the aggregate effect of mimor waves propagated 
from the individual atoms. How the waves originate, and by 
what operation they are maintained, are questions, I think, 
within the reach of mathematics, but of a different kind from 
those discussed in this communication. They are of the same 
order as questions respecting the origin and permanence of 
action of other physical forces, as light, heat, and magnetism. 


Cambridge Observatory, 
November 21, 1859. 


LXX. Chemical Notices from Foreign Journals. By Ei. ATKINSON, 
PhD.,F.C.S., Teacher of Physical Science in Cheltenham College. 
[Continued from p. 290.] 
LOEZ* has investigated the action of bromine and of chlorine 
on methylic alcohol. By the action of bromine he obtained, 
besides bromide of methyle and hydrobromic acid, an oily amber- 
* Comptes Rendus, vol. xlyiii. p. 642. 
2G2 


452 M. Lieben on Chlorinated Ether. 


coloured liquid which readily crystallizes, and is purified by pres- 
sure between blotting-paper and recrystallization from alcohol. 
Its density is 3°107; it fuses at 67° C., but cannot be distilled 
without decomposition. It has the composition of bromal, 
C*H Br? 0?; and its formation may be thus expressed :— 
2(C? H4 0?) + 8Br=C* H Br? O?4+ 2HO+5H Br. 
Methylie alcohol. New body. 

This substance also undergoes the same change when treated by 
potash as bromal, being resolved into formiate of potash and 
bromoform. Notwithstanding these resemblances to bromal, it 
must be regarded as a separate substance ; for the physical pro- 
perties of the two substances are totally different. ‘To express 
this difference, Cloez has named the substance parabromalide. 

Chlorine acts upon dry methylic alcohol very energetically— 
so much so as to give rise to explosions. The action resembles 
that of bromine; the principal product is an isomer of chloral, 
C* HCl? O?, which Cloez names parachloralide. Its density is 
1:57, and it boils at 182°C. It differs from chloral by its much 
higher boiling-point, and also by its being insoluble in water. 

Cloez is of opinion that, between bromal and parabromalide, 
and between chloral and parachloralide, there exist relations ana- 
logous to those which exist between ordinary aldehyde and its 
isomeric modifications paraldehyde, metaldehyde, &e. 


Lieben* has investigated the action of chlorine upon ether. 
Dry chlorine is passed into ether, which is at first kept cool, 
until there is no more action at 80°. The crude product is then 
rectified, and the part collected which boils between 140° and 
147°. This product has the composition C4 H* ClO, or 

igh Bb cit 02 
C4 H*Cl d 
which is that of monochlorinated ether. 

It is a colourless liquid, heavier than water, at first neutral to 
test-paper, but afterwards imparting to it a red spot. By distil- 
lation it experiences a partial decomposition, and hence its vapour 
density could not be determined. It is isomeric with chloretheral, 
and also with the oxychloride of ethylidene, obtained by Lieben 
by the action of hydrochloric acid on aldehyde; but it differs 
from the latter substance in its density, and in its higher boiling- 
point. 

There is a curious difference in the action of water and of 
alkalies on this substance. The former gives rise to a body 
reducing oxide of silver, and probably isomeric with aldehyde, 

C® H§ Cl? 0? 4+ 2 HO=C® H® 04+ 2HCl. 
* Liebig’s Annalen, July 1859. 
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The ultimate products of the action of potash on monochlori- 
nated ether are alcohol and acetic acid. Potash probably first 
decomposes it, as does water; and then the substance formed 
undergoes a decomposition analogous to that which hydride of 
benzoyle experiences under the influence of potash, 

C® H® 04+ KO HO=C?# H® 0? + C4 H8 K 04, 
Alcohol. Acetate of potash. 


The action of the halogens, chlorine, bromine, &c., is much 
more powerful in the nascent state than under ordinary condi- 
tions. Thus the electrolysis of an adequately dilute solution of 
hydrochloric, hydrobromic, or hydriodie acids, gives rise to the 
production of oxygen acids of chlorine, bromine, and iodine. 
Similarly the electrolysis of a mixture of hydrochloric acid and 
aleohol yields at first acetic, and afterwards chloracetic acid, the 
formation of which otherwise requires the prolonged action of 
chlorine in the sunlight. 

Riche* has recently investigated the action of these nascent 
halogens on some organic compounds. By transmitting the 
current produced by three Bunsen’s cells through a mixture of 
acetone and hydrochloric acid for about twenty hours, an oil is 
obtained almost equal in bulk to that of the acetone taken. 
This, on being washed, dried, and rectified, was found to consist 
principally of a liquid boiling at 118°, and which had the com- 
position of monochlorinated acetone, C6 H® C10”. It is a colour- 
less liquid heavier than water, with a strong odour, and power- 
fully excites tears. It is somewhat soluble in water, and very 
much so in ether and in alcohol. 

The action of nascent chlorine on methylic alcohol has yielded 
to Riche results differmg from those obtained by Cloez in his 
experiments. The crude product of the electrolysis of a mixture 
of hydrochloric acid and methylic alcohol, on rectification yielded 
a liquid boiling between 116° and 118°. It gave, on analysis, 
numbers agreeing with the formula C+ H? ClO’, which is that of 
monochlorinated aldehyde, and is isomeric with chloride of ace- 
tyle. It is insoluble in water, and very soluble in alcohol and 
in ether. Its density is 1:23; and it distils without any decom- 
position. 


Liebigt+ has observed that tartaric acid occurs among the pro- 
ducts of oxidation of milk-sugar. When the mother-liquor 
resulting from the preparation of mucic acid from milk-sugar and 
nitric acid is half neutralized with potash and left to stand some 


* Répertoire de Chimie, May 1859. 
+ Liebig’s Annalen, August 1859. 
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time, it solidifies to a white crystalline mass, which is bitartrate 


of potash, without any admixture of saccharate of potash. 


In a paper by Keller* on the constitution of seammony, which 
he had already recognized as a glucoside, this chemist obtained 
the following results, which are partially corrective of those he 
had formerly obtained. 

A solution of purified scammony is digested for some days 
with sulphuric acid, or saturated with hydrochloric acid. On 
mixing this solution with water, fatty crystalline lame sepa- 
rate, and the solution, on continued standing, deposits well- 
formed crystals. On being purified and fused, they present the 
appearance of a radiating mass. This substance is insoluble in 
water, but dissolves in alcohol, and is neutral to test-paper. It 
fuses at 37° to 38° C. It gave, on analysis, numbers which 
correspond to the formula C** H*8 04. 

This neutral body is decomposed by treatment with alcoholic 
potash. On the addition of sulphuric acid to the potash solu- 
tion, a substance separates in white flakes, which melt under 
water to oily drops, and solidify to a radiant crystalline mass, 
Its fusing-point is 60° to 61° C.; it is soluble in alcohol, with 
an acid reaction. Its formula, deduced from that of its silver 
salt, is C90 H*8 O08. 

The other product of the action of alcoholic potash is a neu- 
tral body which appears to be an alcohol. It is a fatty substance, 
fusing at 40°, and has the composition C”* H** O?. 

The above neutral substance hence appeais to be a compound 
ether, and its formula would be C** H O08, according to which 
its decomposition by potash is thus expressed :— 

C56 F156 OS — C30 F128 OS + C76 H8 O2. 
Neutral body. Newacid. New alcohol. 
The acid and the alcohol are also obtained by directly treating 
the resin with potash. 

When the sulphuric acid solution is agitated with ether, a 
wine-yellow etherial solution is formed, which, on evaporation, 
leaves a body presenting the reactions of an aldehyde, apparently 
valerianic aldehyde. It is not improbable that formie acid or its 
aldehyde is present. Besides the aldehyde, a substance is pre- 
sent in the etherial solution which has many of the reactions of 
asugar. Its nature has not been satisfactorily determined. 

Keller also found that when an alcoholic solution of scammony 
is mixed with ammonia and saturated with sulphurous acid, a 
compound crystallizing in laminz is obtained, which appears to 
be a combination of an aldehyde with bisulphite of ammonia. 


* Liebig’s Annalen, February 1859. 
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In a contribution on glucina and its compounds*, Scheffer 
describes a method which he has used for preparing pure glucina. 
The method was originally suggested, but not actually tried, by 
Debray. It depends on the fact that when metallic zinc is in- 
troduced into a solution of sulphate of alumina, sulphate of 
zinc is formed, along with basic sulphate of alumina which pre- 
cipitates. The precipitation of the latter is complete if the solu- 
tion be not too concentrated. Sulphate of glucina, treated in an 
analogous manner, is decomposed with formation of the bibasic 
sulphate, which remains, however, completely dissolved. 

To prepare glucina, bery] is mixed with fluor-spar, the mixture 
digested at a gentle heat with sulphuric acid, and ultimately 
heated to dull redness in a crucible in order to expel fluoride of 
silicon and the excess of acid. The residue is then dissolved in 
water containing sulphuric acid; and in order to remove the 
greater part of the alumina, sulphate of potash or sulphate of 
ammonia is added, which forms alum with the sulphate of alu- 
mina. When the greater part of the alum has been removed 
by crystallization, the mother-liquor is greatly diluted, metallic 
zine added, the mixture allowed to stand two or three days, then 
heated and filtered. To the mixture a quantity of sulphate of 
potash proportionate to the zinc is added, to form with the sul- 
phate of zine a double salt which crystallizes out. To remove 
the rest of the zinc, sulphuretted hydrogen is passed through the 
solution, acetate of soda in excess having been previously added. 
The filtrate is then neutralized with ammonia, and the glucina 
precipitated by means of sulphide of ammonium. By this me- 
thod 1] to 12°5 per cent. of pure glucina was obtamed from 
common beryl. 

Scheffer prepared some pure phosphates of glucina, and deter- 
mined from them the equivalent of glucinum. He considers that 
glucina is a protoxide, BeO, and not a sesquioxide, Be? O?; on 
this supposition his experiments led to the number 12°64 for the 
equivalent of glucinum. 


Wohler+ describes the following easy method of preparing me- 
tallic chromium. It depends on the reduction of the sesqui- 
chloride by means of zinc. 

One part of sesquichloride of chromium is mixed with two 
parts of chloride of sodium and potassium (a mixture consisting 
of nine parts chloride of potassium to seven parts chloride of 
sodium), the mixture placed in an ordinary crucible, two parts 
of granulated zine placed in it, and the whole covered with a 
layer of the mixed chlorides. The crucible is then heated to 
redness, and as soon as a bubbling sound is heard, which shows 


* Licbig’s Annalen, February 1859. + Ibid, August 1859, 


456 M. Wohler on the preparation of Metallic Chromium. 


that the zine begins to boil, the heat is lessened and the mixture 
kept for some time in a state of fusion, The crucible is then 
removed and allowed to cool. 

On breaking the crucible a fine regulus is obtained, covered 
by a green slag. By successively treating this with dilute nitric 
acid, the chromium is obtained as a crystalline powder, which, to 
remove all traces of lead, is at last treated with strong nitric 
acid. In one experiment, 380 grms. of sesquichloride yielded 
7 grms. of chromium. Calculation requires ten parts. 

Chromium so prepared is a light-grey, crystalline, glistening 
powder: magnified fifty times, it is seen to present tree-shaped 
crystalline aggregates with occasional acute rhombohedra of 
great lustre, and almost tin-white colour. Its specific gravity is 
6°81; and it has no action on the magnetic needle. Heated in 
the air, it assumes a superficial yellow and blue coating like steel : 
a layer of green oxide is only formed after the lapse of some time. 
It burns with sparks when thrown in an oxygen-alcohol flame, 
but less brilliantly than iron. It is dissolved by dilute hydro- 
chlorie acid, with disengagement of hydrogen and formation of 
blue protochloride. 

The chromium was found on analysis to be perfectly free from 
zine. 

Sesquichloride of chromium is readily reduced by magnesium, 
but this metal has no advantage over zinc. The employment 
of cadmium is not advantageous. 

Wohler further gives the following method for the ready pre- 
paration of sesquichloride of chromium. 

A mixture of lampblack and sesquioxide of chromium is made 
into a stiff paste with starch, and formed into pellets which are 
ignited in a covered crucible. They are then transferred to a 
crucible with an aperture in the bottom, in which a piece of nar- 
row porcelain tube 5 or 6 inches long is fitted. One end of the 
tube projects just above the bottom, and is covered with a very 
small crucible to prevent the pellets falling through. To the 
large crucible a second is luted, which is likewise provided with 
an aperture to carry off the gases. The apparatus is then so placed 
on the grate of an ordinary wind-furnace that the porcelain tube 
projects below the grate; it is here connected with a chlorine- 
generator. When the apparatus is full of dry chlorine, the lower 
crucible is heated to strong redness, and the heat so regulated 
that the sesquichloride volatilizes, and condenses in the upper 
part of the apparatus. 

As the sesquichloride is converted into oxide by being heated 
in the air, it is important to continue the passage of gas after 
the operation is ended, until the crucible is quite cool. The 
sesquichloride of chromium takes up chloride of aluminium from 
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the crucible, and must therefore be afterwards washed out with 
water. If any protochloride has been formed, which is the case 
if the stream of chlorine has not been rapid enough, it will cause 
the solution of a certain quantity of sesquichloride, which is 
therefore lost. 


The same chemist * describes the preparation of the bromide 
of chromium corresponding to the above chloride. The mixture 
of charcoal and oxide in pellets is strongly heated and then 
transferred to a hard glass tube, which is very strongly heated, 
while a stream of bromine is passed through. Part of the bro- 
mide sublimes beyond the mass of oxide; another part remains 
mixed with it, but may be easily separated. 

Sesquibromide of chromium, Cr? Br?, forms black erystalline 
lamin of a semimetallic lustre, which are transparent with 
olive-green colour, and iy a certain direction exhibit a feeble 
dichroism towards red. Ou being pulverized, the crystals become 
green. Heated in the air, the bromide is converted into oxide ; 
and in hydrogen it is reduced with the formation of a white pro- 
tobromide. It is insoluble in water, and is more easily decom- 
posed by alkalies than the chloride. In the preparation of ses- 
quibromide, some protobromide is occasionally formed; and this 
causes the solution of all the sesquibromide when the mass is 
treated with water. Both the chloride and the bromide are 
reduced, and deliquesce, when placed on metallic tin. 

The analysis of the bromide proved that it was free from oxy- 
bromide. 


Wohler has observed} the formation of a magnetic oxide of 
chromium. Inthe preparation of crystallized oxide of chromium, 
by passing the vapour of oxychloride of chromium through a 
heated tube, it was found, on removing the particles from the 
glass, that parts of the oxide were decidedly magnetic. When 
the oxide was prepared by decomposing the oxychloride at a 
white heat, it was found to be quite destitute of magnetic pro- 
perties ; but by effecting the decomposition of the oxychloride 
at a temperature below redness, the oxide formed was strongly 
magnetic. 

The magnetic oxide forms uncrystallized dark crusts, pale on 
the inside, but lustrous on the side next the glass. It is attracted 
by the magnet, and even shows fecble magnetic polarity. Pul- 
verized, it forms a black powder, and in thin layers it is transpa- 
rent with a browu colour. Heated in the air it becomes green, 
and loses its magnetism. 

The oxide thus prepared does not appear to be pure. [If its 
formula were Cr* 0, CrO, analogous to magnetic oxide of iron, 


* Liebig’s Annalen, September 1859. + Ibid. July 1859, 
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it ought to increase in weight 3°5 per cent. on being heated in 
the air and converted into sesquioxide ; but in fact it lost weight. 
Wohler thinks, therefore, that it contains an admixture of some 
binoxide of chromium, CrO?. 


The method of separating lime from magnesia by means of 
oxalate of ammonia, is not available where only small quantities 
of lime are present. In a solution of magnesia containing | per 
cent. of lime, oxalate of ammonia produces no _ precipitate. 
The following method, which was originally given by Rose, is 
recommended by Scheerer* as being accurate for the detection 
and separation of small quantities of lime. Both the earths 
converted into sulphates are dissolved in water, and alcohol 
added with continued agitation until a faint but permanent tur- 
bidity results. After standing some hours, all the lime is preci- 
pitated as gypsum, which is filtered, and washed with a mixture 
of alcohol and water. When too much alcohol is added, some 
sulphate of magnesia is precipitated. In this case the sulphates 
may be redissolved and reprecipitated with alcohol, or the lime 
precipitated with oxalate of ammonia; the magnesia not being 
present in excess does not prevent its precipitation. 

By this method Scheerer detected small quantities of lime in 
some magnesian minerals with which he had formerly deter- 
mined the equivalent of magnesium. The results obtained gave 
for the equivalent of magnesium 12°04 to 12°06. By allowing 
for the trace of lime present, the true number would be 12:0, if 
not slightly under. It is possible that in Dumas’s late experi- 
ments}, in which he found numbers varying from 12 to 12-5, 
the magnesian salt employed by him may not have been free 
from lime. 1 per cent. of calcium in carbonate of magnesia 
would make a difference in the equivalent of from 0°1 to 0°2. 


The following observations on silicon have been made by 
Wohler and Devillet. Silicon, like boron and titanium, can 
absorb nitrogen directly, as is proved by the following experiment. 
A small Hessian crucible containing some crystallized silicon 
was placed in a larger crucible, the interstices packed with 
recently ignited charcoal powder, the cover of the large crucible 
carefully luted down, and the whole exposed to the temperature 
of a coke fire for an hour. 

On cooling, the silicon was found to be changed into a porous 
bluish mass, covered with a fibrous crust resembling mountain 
cork. Viewed under the microscope, it was seen to be com- 
posed of numerous dark tombac-coloured crystals, resting on 


* Liebig’s Annalen, May 1859, 


+ Phil. Mag. vol. xvii. p.423. See also vol. xviii. p. 276. 
t Liebig’s Annalen, May 1859, 
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tufts of a white, finely crystallized substance, All the various 
parts disengaged ammonia when fused with potash. 

The mass still contained unchanged silicon: this was removed 
by treating it with chlorine, which converted it into chloride of 
silicon without altering the nitride of silicon. 

When this nitride of silicon was heated in a stream of aqueous 
vapour and carbonic acid, it was slowly decomposed with forma- 
tion of carbonate of ammonia and amorphous silica. Nitride 
of silicon, prepared from the chloride, is decomposed by water at 
the ordinary temperature. 

When crystals of silicon are heated in an atmosphere of movst 
chlorine, they are changed into pseudomorphs of silica. 

Next to oxygen, silicon occurs to the greatest extent in nature ; 
and it is surprising that it does not occur in the free state, inas- 
much as it is not oxidized by oxygen even at a white heat. As 
the above experiment shows, it unites directly with nitrogen. 
If we may adopt a geological fancy, we might suppose that at 
the period of the formation of our planct, when the elements 
combined to form the compounds which now constitute its crust, 
the silicon combined with the nitrogen, and the ignited nitride 
of silicon coming im contact with water, was decomposed into 
silica and ammonia. In this manner ammonia was formed, by 
which, on the first occurrence of vital organisms, nitrogen was 
introduced into organic compounds. 


LXXI. Notices respecting New Books. 


Practical Geometry. By R. Burcurtr, Head Master of the Training 
and National Schools (in connexion with the Science and Art De- 


partment). ‘Third Edition. 1859. Chapman and Hall, 198 Pic- 
cadilly. 


aes book contains the course of instruction given to the Mas- 

ters in training for schools in connexion with the department 
of Science-and Art, at the Training School, Marlborough House, 
and is also the text-book used by Her Majesty’s Inspectors in their 
examinations of the training colleges throughout the country. The 
book bears on its title-page the stamp of the Committee of Council 
of Education, and it is issued as a prize to pupil teachers. It is 
further worthy of observation, that this treatise is the only work in 
which the Department of Art professes to give exact ideas on geo- 
metrical constructions. A book so patronized should surely, at the 
very least, be mathematically correct. Now it almost passes belief, 
that this book, so glorified, and occupying so important a place in 
relation to the education of the country, contains not a few propo- 
sitions which are absolutely false! ‘The following ‘propositions, for 
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example, are -grossly erroneous, viz. the propositions relating 
to the constructions of figures 34, 37, 41, 43, 45, 48, 50, 52, 
and 53, 

The propositions relating to figures 34 and 53 profess to give a 
general method of constructing regular polygons. Now the method 
fails in every case excepting for the triangle, square, and hexagon: 
it even fuils for the polygon given by the author as an example. 
The following is Mr. Burchett’s proposition, given at page 22 of his 
work :-— 

“To construct any regular polygon, the circumscribing circle 
being given. 


“Fig. 34. The same—another method. 

«Draw a diameter, AB, of the given circle. Divide AB into as 
many equal parts as the polygon is required to have sides. From A 
and B, with the line AB as radius, describe arcs, cutting in C. Draw 
a line from C through the second division (E) of the diameter, and 
produce it, cutting the circle in D. BD will be the side of the 
required polygon. Set off BD round the circumference of the circle, 
and points for the angles of the polygon will be obtained. Note.— 
Whatever number of sides the polygon may have, the line from C 
must always be drawn through the second division of the dia- 
meter.” 

In order to show the error of this proposition, let O be the centre 
of the circle, DK a perpendicular let fall on AB, n = the number of 
sides of the polygon, 0=ZBOD, the angle which the chord BD 
subtends from the centre O, and radius circle =1. Then we get 
from the similar triangles OCE and EKD, 


OC x EK=OEx DK. 
But 


OC=tan 60°= V3; OB=1-5; DK=sin0@; EK=cos0—(1—=) 


pe V8} { cos o—(1—=) | =(1—5) sin 0. 
2 nr 


Whence we find 


Kee 


cos aaah Be ae os zi 
(—iy+s a7 3 a(1 9) ; 
n 


Now, if the construction be correct, we should always have n8=360°; 
and if it be erroneous, the error, or the number of degrees which the 
last side overlaps or falls short of the first, will be expressed by 
n§—360°. When »=12, we find 6=80° 28! nearly, and n8—360° 
=5° 36!, which is the overlap or error in this case. And so on to 
other cases, the error increasing with the number of sides. 
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The absurdity of the construction may also be thus made appa- 
rent geometrically. 

The radius OB being bi- 
sected in F, CF joined and 
produced to D, BD will, ac- 
cording to this ‘‘ mathematical 
luminary,” be aside of the in- 
scribed octagon, and conse- 
quently will subtend half a 
right angle at the centre O. 
The perpendicular D K, then, 
will be equal to OK, and the 
triangles COF and DFK 
will be similar, so that 


CO: OF=DK: KF, or CO. KF=OF . DK. 
But the radius being unity, we have clearly 
1 i 
v2 v2° 2 


Cco= V3, OF=5, DK= 


hence 
ems nee 
Ja, OF 2945. 
or squaring, 
3 1 1 : 1 17 
of =) So th Fee rr 
G = Rees Se 


and an incommensurable quantity és after all equal to a commensu- 
rable one! 

The very first problem in the book contains a manifest blunder. 
The construction fails in the general case, and only holds true for 
circles, or for curves which are symmetrical in relation to their ex- 
tremities. 

Mr. Burchett, in the preface of the work, observes, ‘..... the 
present course it is believed, however, that many are new....3” 
now it happens, unfortunately, that the portions which are new 
are not true, and those that are true are not new. We may observe, 
by the way, that he has also committed a gross mathematical blunder 
in his work on Perspective, where he states that the perspective pro- 
jection of a circle is not exactly an ellipsis. 
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’ : ‘HE following communications were read :— 


“On the Comparison of Hyperbolic Arcs.” By C. W. Mer- 
rifield, Esq. 


If in common trigonometry we take one are equal to the sum of 
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two others, the cosine of the first are is equal to the product of the 
cosines, diminished by the product of the sines of the other two. 

If we pass from the circle to the ellipse, the addition of the ares 
becomes more complicated, the product of the sines being multiplied 
by a radical. This relation was first obtained by Euler as the inte- 
gral of a differential equation. I have called it elsewhere, for con- 
venience, the elliptic equation between three amplitudes. Moreover, 
we are no longer able to take the simple sum of the ares, but we have 
to add in an algebraic quantity, which is a multiple of the products 
of the sines of the three amplitudes. 

The comparison of hyperbolic ares hitherto has been matter of 
still greater complexity, as it has been usually handled simply by 
reducing each hyperbolic are to two elliptic arcs. The complexity, 
of course, is thus doubled. 

It seemed to me, however, that the ellipse is so completely the 
analogue of the hyperbola, and that it is so easy to pass from one to 
the other by an imaginary transformation, that a similar analogy 
ought to pervade the comparison of their ares. Hence that there 
must exist some formula for the comparison of hyperbolic ares, as 
simple as that for elliptic ares. 

A slight modification of Jacobi’s second theorem has enabled me to 
find the analogue which I required. 

If we take Euler’s elliptic equation, and substitute the following 
changes,— 

cosine of amplitude into secant of amplitude, 
sine of amplitude into tangent amplitude x VW —1, 


sine of modulus into cosine of modulus, 


we leave the equation entirely unaltered, except in form. Even this 
form may be obtained directly by a simple transformation, of purely 
algebraic character. Hence it follows that all the consequences of 
this imaginary transformation are allowable. 

If we apply these transformations to the elliptic integral of the 
first kind, we have Jacobi’s second theorem. 

If we apply them to the integral of the second kind, which repre- 
sents the elliptic are, we pass, after an obvious reduction, to the are 
of the hyperbola. The algebraic addition to the sum of the ares is 
simply changed from a product of sines to a product of tangents. 

Other considerations enable us to verify the theorem, when once 
it is obtained. These verifications are merely algebraic, and would 
scarcely be intelligible if read aloud. 

I have made use of my formule in the reduction of one class of 
the elliptic integral of the third kind for the purposes of tabulation. 

In its ordinary form, this function has three variables, aud, as 
Legendre justly remarks, a table of treble entry would be intolerable. 
If, therefore, it is to be tabulated at all, the first step in the question 
is to reduce it to a form involving two variables. By the help of 
some theorems of Jacobi, Legendre succeeded in effecting this where 
the elliptic function of the third kind has its parameter negative and 
less than the square of the modulus. 


Dr. Debus on the Oxidation of Glycol. 463 


By the help of my formula, I have succeeded in reducing the case 
where the parameter is negative and greater than unity. The steps 
are the mere counterpart of Legendre’s work in the second supple- 
ment of the treatise on Elliptic Functions. 

Both Legendre’s case and mine are of the logarithmic form, and 
can therefore be reduced to one another by algebraic transformation. 
The cases where the parameter is positive, or negative and interme- 
diate between unity and the square of the modulus, are still unre- 
duced. The difficulty is exactly analogous to that between the two 
cases of cubic equations, and this analogy is even carried into the 
very form of the solution. 

Dr. Booth’s application of the trigonometry of the parabola to the 
reducible case of the cubic equation, affords some hope that a corre- 
lative calculus may exist, particular cases of which may solve the 
cases now irreducible, just as the calculus of elliptic functions in- 
cludes the trigonometry both of the parabola and the circle. My 
own investigations on this subject are still without any useful result. 

Let 

COS , =COS , COS #, —sin o, sing, VW 1—sin* 4 sin” ¢, ; 
de 
ae ee nea 
uf (1—sin? 6 sin? o)* 
Ep=J (1—sin? 6 sin?)*d¢, 
cos’ Odo 

(1—sin? 6 sin? g)? cos’odp 
(1) Fy,—F¢,+F¢,=0 
(2) E¢,—E¢,+E¢,=sin’ 6 sin ¢, sin ¢, sin ¢, 
(3) Yo,—Y¢,+ Y¢,=—cos’ 6 tan ¢, tan ¢, tan g,. 


Yo= 


}wuler. 


“On the Oxidation of Glycol, and on some Salts of Glyoxylic 
Acid.” By Hi. Debus, Ph.D. 

If glycol be oxidized with nitric acid, according to Wurtz*, it 
is converted into glycolic and oxalic acids. 


C,H,0, +0, = C,H,O, + H,0 
ee = ee) 


—— 
Glycol. Glycolic acid. Water. 
C,H,0, +0, = C,H,O, + 2H,O+ 
e~_~ S 
Glycol. Oxalic acid. Water. 


As the formation of these acids from glycol is analogous to the pro- 
duction of acetic acid from ethylic alcohol, it may be assumed that 
the bibasic oxalic acid stands to the biatomic glycol in the same rela- 
tion as the fatty acids do to their corresponding alcohols. Alcohol 
is not converted at once into acetic acid, an intermediate substance— 
aldehyde—being formed, The formation of a similar body from gly- 
col is highly probable. If two or four atoms of hydrogen be removed 


* Comp. Rend. xliv. 1306. Tle, ka hy ee 
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from glycol, an aldehyde of the composition of acetic acid or of the 
formula C, H, O, may be produced. Glyoxal, obtained by the oxida- 
tion of ethylic alcohol, has indeed the composition corresponding to 
the above formula and the characteristic properties of an aldehyde. 
Nitric acid converts it rapidly into oxalic acid. Consequently glycol, 
glyoxal, and oxalic acid bear a similar relation to each other as ethylic 
alcohol, aldehyde, and acetic do. 
C,H, O CHO C.. By Ot 


Alcohol. Aldehyde. Acetic acid. 
CG) B, OF a SOs rE: 
Glycol. Glyoxal. Oxalic acid. 


Another connexion between glycol and glyoxal is that they both pro- 
duce glycolic acid, the former by oxidation, and the latter by combi- 
nation with one atom of water. I treated glycol, which was diluted 
with water, with fuming nitric acid at about 30° C., and evaporated 
the acid liquid, as soon as the action was completed, on the water- 
bath until it assumed the consistency of syrup*. This residue was 
found to contain, as previously shown by Wurtz, oxalic and glycolic 
acids; but I also found therein glyoxylic acid and a body which com- 
ported itself with some reagents like glyoxal. Want of material, 
however, prevented its being identified with the latter. 

Before I proceed to make some observations on these facts, I shall 
first mention a few salts of glyoxylic acid not yet described. 


Glyoxylate of silver, C,H AgO,+H, O, 
is obtained as a white crystalline powder when nitrate of silver is 


precipitated with glyoxylate of ammonia. This salt is but slightly 
soluble in cold water, and is decomposed by light with great rapidity. 
Glyoxylate of baryta, C, HBaO,+2H,0. 

Diluted glyoxylic acid is digested at common temperatures with car- 
bonate of baryta until the acid is completely neutralized, and the fil- 
tered solution evaporated in vacuo. As soon as the liquid has arrived 
at a certain degree of concentration, small white crystals of glyoxylate 
of baryta begin to separate. This compound is partially decomposed 
into oxalate of baryta and glycolic acid if it be heated to 120° C., or 
if the temperature of its watery solution be raised to the boiling- 
point. With nitrate of silver, acetate of lead, and lime-water, it com- 
ports itself like glyoxylate of lime. 

Glyoxylate of zinc, C, Zn, O,+ 2H, O, 
is produced as a white crystalline precipitate when a strong solution 
of glyoxylate of lime is precipitated with acetate of zinc. This 
compound is slightly soluble in water, but is easily dissolved hy 
acetic and hydrochloric acids and by caustic potash. The two atoms 
of water cannot be removed without decomposing the salt. 

* “ On the Action of Nitric Acid on Alcohol,” Phil. Mag. Jan, 1857; Ann. der 
Chem. und Pharm. cii. 26. 


——_—-— 
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Glyoxylate of ammonia, C, H (NH,) O,. 

This compound was prepared by precipitating glyoxylate of lime 
with its equivalent quantity of oxalate of ammonia, and evaporating 
the filtrate from the oxalate of lime over sulphuric acid in vacuo. 
The glyoxylate of ammonia is obtained in small, prismatic and colour- 
less crystals, which dissolve easily in water. The concentrated solu- 
tion turns yellow when it is boiled, or evaporated at 100°C. It pro- 
duces with nitrate of silver and acetate of lead crystalline precipitates 
at once, but with sulphate of copper only after the lapse of some 
time. Solution of caustic potash, mixed with it, causes the evolution 
of ammonia even at common temperatures. 

According to the composition of glyoxylate of ammonia, the for- 
mula of glyoxylic acid is C, H, O,*. It is worthy of notice, that the 
other salts of this acid which have been examined, contain one or two 
atoms of water which cannot be expelled without decomposing the 
compound. 

Glyoxal is oxidized, by treatment with dilute nitric acid, into oxalic 
acid, and as an intermediate substance glyoxylic acid is formed. 

C, H, O, = Glyoxal. 
C, H, O, = Glyoxylie acid. 
C, H, O, = Oxalic acid. 

Glyoxal has not been proved with certainty to be one of the pro- 
ducts of the oxidation of glycol ; nevertheless its formation from this 
alcohol may be foreseen with great probability, as it stands to gly- 
oxylic and oxalic acids, both of which are formed by the oxidation of 
glycol, as ethylic aldehyde does to acetic acid. The relation of gly- 
oxylic to oxalic acid is like that of sulphurous to sulphuric acid. 


C, H, 0, SH, 0, 

Glyoxylic acid. Sulphurous acid. 
C, H, 0, SH, 0, 
{~~ —/ 

Oxalic acid. Sulphuric acid. 


Glyoxylic acid resembles in many respects formic acid. Concen- 
trated sulphuric acid separates from the salts of formic acid carbonic 
oxide, whilst it combines with the rest of the constituents. Glyoxy- 
late of lime dissolves in an excess of sulphuric acid, and the solution 
evolves at a temperature of from 40° to 50° C., without blackening, 
“pure carbonic oxide. At the end of the experiment, and when the 
temperature of the liquid is raised, a little sulphurous acid makes its 
appearance. 

Relying on Berthelot’s experiments, formic acid we can conceive 
to be formed by the addition of the molecule carbonyle to the type 
water. In the same manner glyoxylic acid might be produced by 

adding oxalyle to one atom of water. 


CO + H,O=CH,0, 
ey 
Formic acid. 
C,0,+ H,0=C,H,0, 
ey, ee 
Glyoxylic acid. 


gf On Glyoxal,” Phil. Mag. Jan. 1857; Ann. der Chem, und Pharm. cii. 29, 
Phil. Mag. 8, 4, Vol. 18. No, 122. Dec. 1859. 2H 
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Since both acids are easily oxidized, the one to carbonic, and the 
other to oxalic acid, we may say that, with regard to composition, 
formic acid stands to carbonic acid in a similar relation as glyoxylic 
acid does to oxalic acid. 


CO+H, 0 =CH, 0, C, 0,+H, O =C, H, 0, 
Formic acid. Glyoxylic acid. 
CO+H, 0,=CH, 0, C, 0,4H, 0,=C, H, 0, 
uu = 
Carbonic acid Oxalic acid. 
plus water, 7 


But with regard to other properties, these acids do not correspond 
to each other: thus formie acid is monobasic and carbonic acid biba- 
sic, whilst both glyoxylic and oxalic acids are biatomic. Further, 
the latter two are derived from the same alcohol, which is not the 
case with carbonic and formic acids. Amongst the products of the 
oxidation of glycol occurs also glycolic acid, which is produced from 
glyoxal by the assimilation of water. 

C, H, 0,4 H, O=C, H, 0, 
a J 
Glyoxal. Glycolic acid. 
Some regard glycolic acid (C,H,O,) as a bibasic acid. According 
to this view, it would stand to glycol as acetic acid does to common 


alcohol. 
_C,5,0; C,H, O 
= ——— 
Glycol. Alcohol. 
C, H, O, C, H, O, 
—__ ~~ eee 
Glycolic acid. Acetic acid. 


But with this view the capacity of saturation of glycolic acid does 
not agree. For according to our present experience, if we adopt the 
formula C, H, O,, it evidently combines only with one atom of base. 
Before we have discovered compounds represented by the general 
expression C, H, M,O,, I think we are not justified in placing glycolic 
acid in the same relation to glycol as we do acetic acid to common 
alcohol. According to our present knowledge, this position must be 
assigned to oxalic acid. 

We can represent to our minds the derivation of glycolic acid 
from acetic acid in the following manner. If in acetic acid one atom 
of hydrogen be replaced by peroxide of hydrogen, we obtain a body 
which has the composition of glycolic acid. 

C,H, 0; =acetic acid. 

C, H, (HO) O,=glycolic acid. 
But, according to the following observations, this view appears not 
to be correct; for glycolic acid can be formed from glycolide and 
water, and probably also again can be resolved into these two sub- 
stances in the same way as lactide and water by their union produce 
lactic acid, and the decomposition of the latter by heat yields lactide 
again. If, therefore, peroxide of hydrogen be contained in glycolic 
acid, it must be present in glycolide. 

If monochlorinated acetate of potash be decomposed, according to 
Kekulé, glycolic acid and glycolide are formed. The formation of the 
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atter precedes that of the glycolic acid ; but if the monochlorinated 
acetate of potash could be obtained anhydrous, no doubt only glyco- 
lide would result from its decomposition. The monochlorinated 
acetate of potash can be represented as consisting of three parts,—of 
potassium, of oxygen, and of chlorinated acetyle, 

C, H, “ O. 

At a higher temperature chlorine and potassium form chloride of 
potassium. After the removal of the chlorine, the chlorinated ace- 
tyle is converted into the biatomic radical C, H, O, which unites 
with one atom of oxygen, and forms glycolide. 


tae 
C, H, OCl 
O 
K 
According to its formatiop, the glycolide cannot contain any peroxide 
of hydrogen, and consequently it appears that also glycolic acid can- 
not be considered as acetic acid wherein one atom of hydrogen has 
been replaced by peroxide of hydrogen. 
I beg to conclude with an empirical derivation of several of the 
compounds mentioned from hydruret of ethyle. 


C, H, H, H, = Hydruret of ethyle, 
C,H, H,O = Aldehyde. 

C,H,O O =Glyoxal and glycolide. 
C,0 0 0 = Anhydrous oxalie acid. 
C,H,H,H,+0 =Alcohol. 
C,H,H,O+O =Acetic acid. 

C,H,O O+0 =Glyoxylic acid, 

C,0 O 0+0 =Carbonic acid. 

C,H, H, H,+H,O=C, H, 0. 

C,H, H,0 +H, O=Glycol. 

C,H,O O +H, O0=Glycolic acid. 


C,0 O O +H, O=Oxalic acid. 


Apirl 7.—Sir Benjamin C. Brodie, Bart., President, in the Chair, 


The following communication was read :— 

“On the Construction of Life-Tables ; illustrated by a New Life- 
Table of the Healthy Districts of England.” By William Farr, 
M.D., F.R.S., Superintendent of the Statistical Department, Gene- 
ral Register-Office. 

The Transactions of the Royal Society contain the first Life-Table ; 
it was constructed by Halley, who discovered its remarkable proper- 
ties, and illustrated some of its applications. 

With better data improved methods have been found out, and the 
form has been extended so as to facilitate the solution of various 
questions. 

In deducing the English Life-Tables from the National Returns, I 
have had occasion to try various methods of construction; and I now 
propose to describe briefly the nature of the Life-Table, to lay down 
a simple method of construction, to describe an extension of its form, 


2H2 
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and to illustrate this by a new Table representing the vitality of the 
healthiest part of the population of England. 

The Life-Table is an instrument of investigation ; it may be called 
a biometer, for it gives the exact measure of the duration of life under 
given circumstances. Such a Table has to be constructed for each 
district and for each profession, to determine their degrees of salu- 
brity. To multiply these constructions, then, it is necessary to lay 
down rules, which, while they involve a minimum amount of arith- 
metical labour, will yield results as correct as can be obtained in the 
present state of our observations. 

A Life-Table represents a generation of men passing through time ; 
and time under this aspect, dating from birth, is called age. In the 
first column of a Life-Table age is expressed in years, commencing 
at 0 (birth), and proceeding to 100 or to 110 years, the extreme 
limit of observed lifetime. Annexed is an outline of the two primary 
series of the Life-Table, representing the surviving at each year of 
age (/,), and the first differences representing the dying (d,), in annual 
intervals of age. 
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Age. | Dying. Living. Age. | Dying. | Living. 
xa. dz. ly. a. dy. ly. 
0 10,295 100,000 40 618 63,756 
1 3,005 89,705 50 722 57,203 
2 1,885 86,700 60 1123 48,855 
3 1,305 84,815 70 1825 34,278 
4 1,051 83,510 80 1803 14,971 
5 847 82,459 90 555 2,265 
10 347 79,525 100 19 46 
20 552 75,600 106 1 1 
30 598 69,792 


The Table may be read thus: of 100,000 children born, 10,295 
die in the first year, 89,705 survive. 

It will be observed that, upon the hypothesis that the annual 
births equal the annual deaths in number, and that the law of mortal- 
ity remains invariable, the series of the living (/,) can be constructed 
from the series of numbers (d,) representing the dying, or from the 
numbers dying at different ages, as returned in the parish registers. 
That course was adopted by Halley, and afterwards by Dr. Price, in 
constructing the Northampton Table. But the hypothesis of an 
invariable annual number of births equalling the deaths has never 
been verified by observation, and consequently tables on the plan of 
Halley’s are often exceedingly erroneous. In the healthiest districts 
of England the births were 29,715, the deaths 17,469 annually: a 
Table constructed upon that plan, like Dr. Price’s, makes the mean 
lifetime—or as it is sometimes called, the expectation of life—for 
Northampton, 25 years, while the mean lifetime by a correct 
Northampton Table is 38 years. 

It is shown by a diagram that if age (a) is represented by the 
abscissas, the numbers living (6,,) will be represented by the ordinates 
of a curve. De Moivre constructed this curve by assuming that 
the series 7, is from the age 12 to 86, in arithmetical progression 
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decreasing thus, 74, 73, 72... 3, 2, 1, 0. By another hypothesis, 
the rate of mortality is assumed to decrease or to increase in geome- 
trical progression at different rates in different periods of life; and 
it is found that this hypothesis represents the results deduced from 
the observed facts approximatively. 

As », the velocity, expresses a ratio, so m, the rate of mortality, 
is the ratio of the number dying to the number living in a unit of 
time. Now if y represent the living at a definite age, and r the rate 
at which the mortality increases at that point of age, then mr will 
be the rate of mortality after the lapse of z units of time. The 
decrement of y in an infinitely short time will be dy=ymrdz. 
This was pointed out by Mr, Gompertz, and Mr. Edmonds subse- 
quently extended the theory. This expression can be integrated, 


1—3m 
1+im : 1—im vs ip : a . iam een 
ee 
It is here assumed that m is known; and putting p, for x _, 
2 


we have p,/,=/,+,; and have thus the means of passing from the 
numbers living at the age w to the numbers living at the age w+1. 
But upon the other hypothesis, y, being =1, then 
id 
Pr=y,=10" , 
Upon the two hypotheses, 


APao=1°9966528 by the one, and 1-9966527 by the other ; 
APio= 19956263 by the one hypothesis, and 1-9956264 by the other. 


At 80 there is some divergence. I have adopted the latter hypo- 
thesis generally ; but the other hypothesis is at some of the earlier 
ages preferred. I have only adopted these hypotheses within the 
safe limits of a single year in determining eleven values of \p,, which 
I have afterwards interpolated by the method of finite differences ; 
thus assuming that the third difference was constant. This gives, I 
conceive, as near an approximation as we can obtain in the present 
state of the observations. 

Ap, is the first difference of the series \/,; and consequently it 
can be constructed by four orders of differences, on the assumption 
that no error of consequence is caused by assuming that within given 
limits the fourth difference is constant. 

The new Life-Tables consist of three sections,—the first represent- 
ing persons, the second males, and the third females, each section 
consisting of six columns. On the following page is an extract from 
the first of the sectional Tables. 

The properties of these columns are described, and a collection of 
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Halley first pointed out some of the financial applications of the 
Life-Table, and the new Table shows that the mean duration of life 
among large classes of the population exceeds considerably the ex- 
pectations of life deduced from the ordinary Tables. The science of 
public health has been developed since Halley’s day; and here a 
new application of the Life-Table is found. If we ascertain at what 
rate a generation of men die away under the least unfavourable 
existing circumstances, we obtain a standard by which the loss of 
life under other circumstances is measured; and this I have endea- 
voured to accomplish in the New Life-Table. And recollecting that 
the science of public health was almost inaugurated in England by a 
former President of this Society, who crowned the sanitary dis- 
coveries of Captain Cook, I feel assured that the Society will receive 
with favour this imperfect attempt to supply sanitary inquirers with 
a scientific instrument. 


- April 14.—Sir Benjamin C. Brodie, Bart., President, in the Chair. 


The following communications were read :— 
**On the Means by which the Actinie kill their Prey.” By 
Augustus Waller, M.D., F.R.S. 


_ On the Double Tangent of a Plane Curve.” By Arthur Cayley, 
Esq., F.R.S. 

The author notices that the problem of finding the number of 
double tangents was first solved by Pliicker in 1834 from geometrical 
considerations, and he gives a sketch of the subsequent history of 
the problem. The complete analytical determination of the double 
tangents was only obtained very recently by Mr. Salmon, and is given 
in a note by him in the Philosophical Magazine, October 1858: it is 
there shown that the (n—2) points in which the tangent at any point 
of a curve of the order n again meets the curve, are given as the 
points of intersection of the tangent with a certain curve of the order 
(n—2) ; if this curve be touched by the tangent, then the point of 
contact will be also a point of contact of the tangent and the curve 
of the order z, or the tangent will be a double tangent. The pre- 
sent memoir relates chiefly to the establishment of an identical 
equation, which puts in evidence the property of the curve of the 
order (n—2), and which the author considers to be also import- 
ant in reference to the general theory of binary quantities: viz. if 
YU=ll(* Xz, y, 2)", DU= (XO + Yo, a8 ZO.) U, and, BY are what 
U, DU become when (a, y, z) and (X, Y, Z) are interchanged ; then 
the equation is of the form 1. Y+IL. BY+I1IL. DU+IV. U=0. 
Taking (2, y, z) as current coordinates and U=0 as the equation of 
the curve, then if (X, Y, Z) are the coordinates of a point on the 
curve, Y=0, and we have for the equation of the tangent at the 
point in question BY=0. The equation shows that the intersections 
of the curve U=0 and the tangent BY=0, lie on one or other of 
the curves III=0, DU=0, and that they do not lie on the curve 
DU=0; consequently they lie on the curve I11=0, which is in 
fact the before-mentioned curve of the order (n—2). 


“On the Action of Acids on Glycol.” By Dr. Maxwell Simpson. 
The glycol employed in the following research was prepared 
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according to Dr. Atkinson’s excellent method *, to whom is due the 
credit of having first substituted acetate of potash for acetate of 
silver in its preparation. He was not the first, however, to prepare 
it from bromide of ethylene, as M. Wurtz has been in the habit of 
preparing it from that body for the last two years. 

The following slight modification of Dr. Atkinson’s method will 
be found very convenient, particularly when large quantities of glycol 
are to be prepared. Instead of heating the materials for forming the 
monoacetate of glycol in a close vessel, they are heated in a large 
balloon, connected with a Liebig’s condenser in such a manner as to 
cause the condensed vapours to flow back into the balloon. 

Action of Sulphurie Acid on Glycol—Sulphoglycolate of Baryta. 
—Sulphurie acid forms an acid ether with glycol, which gives a 
soluble salt with baryta. This compound is readily prepared by 
exposing a mixture of equivalent quantities of glycol and sulphuric 
acid (S, H,O,) to the temperature of 150° Cent., diluting with water 
and neutralizing with carbonate of baryta. This liquid, on being 
filtered, and evaporated on a water-bath to the consistence of a syrup, 
gives on cooling a white solid mass, which is the body in question. 
This was pressed between folds of blotting-paper, dried ix vacuo over 
sulphuric acid, and analysed. The numbers obtained on analysis 


lead to the formula C, H, 0, 
8, O, 0, 
Ba 
as will be seen from the following per-centage Table :— 
Theory. Experiment. 
cco C- —— 
I II. III. IV. 


Cy (2400. 1045» 1 10-71, (2 

H 5:00 2°40 27990 = 

Ss 80°00 = 38°15 — 38:09 —_ 

B 76°50 36°51 — — 36°50 36°10 

Ob CAMO a SAAB c tek 1, es 
209°5 =: 109-00 

The formation of this compound may be thus explained :— 


ge C,H, 0, 
Tt | +85, 0,= s.0, }0,+H,0,. 
2 H 


On neutralizing this compound with carbonate of baryta, the basic 
hydrogen is replaced by one atom of barium. I propose to call this 
salt sulphoglycolate of baryta. It is analogous in composition to 
the sulphoglycerate of baryta obtained by M. Pelouze. This salt 
does not readily crystallize. It is almost insoluble in ether and in 
absolute alcohol, but freely soluble in water. It is somewhat deli- 
quescent. Exposure to the temperature of 100° Cent. causes slight 
decomposition. From its solution in water, sulphuric acid precipi- 
tates sulphate of barytes. Baryta-water occasions no precipitate, at 
least in the cold; on heating, however, for some time, it becomes 
turbid, from the separation of the same salt. 


* Philosophical Magazine, Dec. 1858. 
tT Chromate of lead was employed in this a nalysis. 
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Action of Hydrochloric and Acetic Acids on Glycol—Chloracetine 
of Glycol.—A mixture of equivalent quantities of glycol and glacial 
acetic acid was introduced into a long tube and saturated with dry 
hydrochloric acid. The tube was then hermetically sealed, and ex- 
posed to the temperature of a water-bath for about four hours. On 
opening the tube and adding water to its contents, a heavy oil sepa- 
rated, which was well washed with the water, in order to remove any 
acetic acid or undecomposed glycol it might contain, dried over chlo- 
ride of calcium, and distilled. Almost the entire quantity passed 
over between 144° and 146°. Specimens obtained at different times 
gave the following numbers on analysis, which lead to the formula 

CO, 

CTE, | O 

C 
C, 48-00 39°18 38°96 38°98 
a. t 7°00 5°71 6:05 5°99 
O, 32-00 26°14 —_—— — 
Cl 35°50 28°97 — ——— 
122°50 100-00 

I propose to call this body chloracetine of glycol. It is the inter- 
mediate compound between Dutch liquid and diacetate of glycol. Its 
formation may be thus explained :— 

Cn} 0,4 Hs ne 0,4+HCl= ae \ O,-+4H0. 
HG 

Chloracetine of glycol is a colourless liquid, heavier than water, 
its specific gravity being 1:1783 at 0° Cent. It boils at 145°, distil- 
ling without decomposition. It is not decomposed by cold water, at 
least not to any great extent; even boiling water effects its decom- 
position with difficulty. Heated with potash, it gives chloride of 
potassium and acetate of potash. It is probable that the ether of 
glycol is also formed in this reaction, or perhaps glycol itself. This 
point I have not yet been able to determine. Chloracetine is iso- 
meric with a compound I obtained a short time ago, by exposing 
ordinary aldehyde to the action of chloride of acetyle (C, H, O, Cl)t. 
This body differs from the chloracetine in its boilmg-poimt, which is 
about 23 degrees lower, and in being more readily decomposed both 
by water and potash. The products formed by the action of potash 
a establish a difference between these bodies. Both give chloride 
of potassium and acetate of potash, but the body from aldehyde gives, 
in addition, resin of aldehyde; whereas from chloracetine no resin 
could be obtained.  Chloracetine has since been prepared by 
M. Lorenzo in a manner analogous to that by which I prepared its 
isomer, namely, by treating glycol with chloride of acetyle. These 
compounds find their places in two very remarkable series of iso- 
meric bodies, proceeding from ethylene (olefiant gas) and ethylidine 
(C,H,?), supposed to be contained in aldehyde and in the chloride 
of ethylidine C, H, Cl;. The following is a list of these compounds :— 


* A slight loss occurred in this analysis. 
+ Comptes Rendus, 29 Noy, 1858. 
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Ethylidine. Ethylene (olefiant gas). 


C, H, (’) C,H, 
Oxide of ethylene. 
Aldehyde. . C,H,0O, Cow, Ether of glycol 
(Wurtz). 
Chloride _— of 
ethylidme . C,H, Cl, C,H, Cl, Dutch liquid. 
(Wurtz) 
C,H, C,H : 
Geuther .. . C,H, o,f, C,H, 0.F eel (Waste 
C, H, O, CH, o, : 
Chloracetine ; 
of etliylidine C,H, 0, C,H, 0, Chloracetine of 
: C, H, O, C, H, O, glycol 
So See aS a  * "Gl... GSimpedn). 
(Wurtz and C,H, O C,H, O Not yet disco- 
Frapolli) C,H, a5), pe 2 vered. 
Cl Cl 
C C,H Diethyl-glycol 
Acetal pear \ O 14d fo j 
(Dabereiner) (C,H,)? f°* (C,H, f-* (Wurtz). 


I am still studying the action of acids on glycol, and hope soon to 
be able to communicate further results. 


GEOLOGICAL SOCIETY. 
[Continued from p. 236. ] 
November 2, 1859.—Prof. J. Phillips, President in the Chair. 


The following communications were read :— 

1. ‘On the Passage-beds from the Upper Silurian Rocks into the 
Lower Old Red Sandstone, at Ledbury, Herefordshire.” By the 
Rev. W. 8. Symonds, F.G.S. 

In the cutting at the Ledbury Tunnel, on the Worcester and 
Hereford Railway, a series of beds have been exposed, which range 
from the Upper Silurian or Downton beds to the Old Red Sandstone, 
including bluish-grey rock with fossil fish, crustaceans, and shells, 
like those found in the railway-cutting and elsewhere near Ludlow. 
The following is the ascending order of the beds observed :— 
1. Aymestry rock, with Pentamerus Knightii, &c. (10 feet). 2. Up- 
per Ludlow rock, with Chonetes lata, &c. (140 feet) (The Ludlow 
Bone-bed seems to be wanting here). 3. Downton bed, thin (9 feet), 
with Lingula. 4 to 8. Red and mottled marls and thin sandstone 
(210 feet), with Lingula and Pteraspis (?). 9. Grey shale and thin 
grit (8 feet), with Cephalaspis and Pterygotus. 10 and 11. Purple 
shales and thin sandstones (34 feet). 12. Grey marl, passing into 
red and grey marl and bluish-grey rock (20 feet), with Auchen- 
aspis, Plectrodus, Cephalaspis (?), Onchus, Pterygotus Ludensis, 
Lingula, and a Lituite (?). These pass upwards conformably into a 
series of red marls, with yellowish-grey and pink sandstone, con- 
taining Pleraspis and Cephalaspis, and undoubtedly forming the base 
of the Cornstone-series of the Old Red Sandstone. The author re- 
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marks that there are other cornstones, namely those of Wall-hills 
near Ledbury, of Foxley, Whitfield, &c., which are at least 3000 feet 
above the Downton Sandstone. He also remarks that, as the word 
*‘ Tilestones”’ is inapplicable to the Ledbury rocks, he quite agrees 
with Sir R. Murchison in replacing it by the term ‘“‘ Passage-beds”’ 


2. “On the so-called Mud-volcanos of Turbaco, near Cartha- 
gena.” By F. Bernal, Esq. In a letter to Sir R. I. Murchison, 
F.G.S. 

Turbaco is a village, about fifteen miles from Carthagena, at an ele- 
vation of about 980 feet above the sea. At a distance of about three 
miles from the village, and at a rather higher elevation, in the midst 
of a forest, are some twenty or thirty conical hillocks, about 8 or 
10 feet high, each with its little crater or orifice, about 2 feet in 
diameter. These are filled with a muddy water; and every two 
or three minutes a slight noise is heard, a bubbling-up of air or gas 
takes place, the muddy fluid runs over, and forms into cakes of blue 
clay. The water is quite cool, nor is there any present or anterior 
marks or vestiges of the action of fire or heat. 


8. “On the Coal-formation at Auckland, New Zealand.” By 
Henry Weekes, Esq. 

The district is formed of stratified Sandy Clays, of tertiary age; | 
they vary in colour from white to light-red. The white clays con- 
tain beds of lignite, varying from a few inches to several feet in 
thickness. Sections of these beds are exposed along the banks of 
most of the tidal inlets with which the district abounds. In some 
places, near the hills, the lignite is seen to rest on trap-rock; else- 
where a shelly gravel underlies it. 

At Campbell's farm a whitish sandstone lies on the lignite, and at 
the junction is hardened, and contain ironstone-nodules; these, when 
broken, yield remains of exogenous plants. A fossil resin is found 
abundantly in the lignite. On Farmer’s land the lignite is 16 feet 
thick, including a little shale ; at Campbell’s it is 7 thick, but thins 
away. There is some iron-pyrites in the lignite, but not sufficient to 
deteriorate its value as a coal. Similar coal has been found at Muddy 
Creek to the N.W.; at Mokau, about 100 miles to the south; and 
near New Plymouth. 

The Auckland tertiary beds are everywhere broken through by 
extinct volcanos, varying from 200 to 800 feet in height, The craters 
are generally scoriaceous, in a perfect condition, with a depression 
of the rim usually to the north or east. There are also around the 
district other volcanic hills, rounded, scoriaceous, more fertile than 
the crateriform hills, and apparently of an older date. 


4. “On the Geology of the South-east part of Vancouver's Is- 
land.” By Hilary Bauerman, Esq. 

The author described, first, the metamorphic rocks which are 
everywhere seen in the neighbourhood of Esquimalt and Victoria ; 
principally dark-green sandstones and shales, passing insensibly into 
serpentine, chlorite-schist, mica-slate, and gneiss. At some places 
unfossiliferous crystalline limestones are associated with them. Dykes 
of greenstone, syenite, porphyries, and trap-rocks frequently pene- 
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trate the metamorphic rocks. To the westward of Esquimalt black 
cherty limestones and red porphyry occur. 

To the north, at Nanaimo, rocks with cretaceous fossils appear, 
also at Comoux Island, 21 miles N.W. of Nanaimo. The fossils oc- 
cur in nodules, and consist of Fish-scales, Nautilus, Ammonites, 
Baculites, Inoceramus, Astarte (?), Terebratula. 

Lignitiferous deposits (sandstones, grits, conglomerates, and mica- 
ceous flagstones) succeed the cretaceous rocks, and are extensively de- 
veloped over a great extent of country, forming the mass of the islands 
in the Gulf of Georgia, as far south as Saturna Island. Northward, 
they occur at Fort Rupert. Two seams of coal, averaging 6 to 8 feet 
each in thickness, occur in these beds, and are extensively worked for 
the supply of the steamers navigating between Victoria and the 
Frazer River. The coal is a soft black lignite, interspersed with 
small lenticular bands of bright crystalline coal. Retinite is common 
in the more earthy portions. Shales with plant-remains are inter- 
stratified with the lignite. At Bellingham Bay, on the mainland, 
similar coal-bearing sandstones have been observed by the American 
geologists. 

A pleistocene boulder-clay is widely distributed over the southern 
part of Vancouver’s Island and the opposite coasts of the mainland. 
In the neighbourhood of Esquimalt and Victoria the rocks are deeply 
scratched and grooved along the shore; and so also is the rock-sur- 
face beneath the drift, which at Esquimalt Harbour is about 20 feet 
thick, whilst it is much more at the Barracks, and more than 190 
feet thick between Albert Head and Esquimalt. 


November 16.—Professor J. Phillips, President, in the Chair, 


The following communication was read :— _ 

«* Supplementary Researches among the Crystalline Rocks of the 
North-west Highlands.” By Sir R. I. Murchison, V.P.R.S., F.G.S. 

This communication was offered in corroboration of those views 
of the Author, already printed in the ‘ Quarterly Journal of the Geo- 
logical Society’ (No.59), which he first brought systematically before 
geologists at the Glasgow Meeting of the British Association in 1855. 

The former suggestion of Prof. Nicol, that the fossiliferous rock of 
Durness and Assynt might prove to be of carboniferous age (Quart. 
Journ, Geol. Soc. vol. xiii. p. 17), having been set aside by the proofs 
that these quartz-rocks and limestones contained true Lower Silurian 
fossils; and the order of succession from a fundamental gneiss up- 
wards through unconformable sandstones and conglomerates (Cam- 
brian) to the Lower Silurian limestone inclusive, being admitted, it 
was still objected that such limestones were not surmounted by any 
great mass of quartz-rock, and that they terminated the ascending 
series. Professor Nicol, also believed that there did not exist an 
ascending order from the rocks now proved to be Lower Silurian into 
a series of micaceous, quartzose, and chloritic flagstones, which have 
to the present day been represented by the same colour as the Old 
Gneiss in all the published geological maps of Scotland. Lastly, 
that author, having fairly and openly announced to Sir R. I. Mur- 
chison, that at the Meeting of the British Association at Aberdeen 
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he intended to point out the existence of much igneous rock causing 
a great separation between the fossiliferous Lower Silurian and what 
he termed the “‘ Upper or Eastern Gneiss”’, it became necessary that 
the Director-General of the Geological Survey should revise his own 
conclusions, which had affirmed the existence of an unbroken ascend- 
ing succession. With this view, he induced Professor Ramsay to 
accompany him to the north-west of Sutherland, where they spent a 
month. ‘There they not only saw no reason to depart from any of 
the views already published by Sir R. I. Murchison, but were enabled 
to strengthen them by laying down on a map a more correct outline 
of the formations than had hitherto been traced, by marking the 
principal faults, and by indicating clearly the transition upwards 
from the known Lower Silurian rocks into a superior micaceo-quart- 
zose series (or the so-called ‘ younger gneiss”), which is entirely 
dissevered from the Old or Fundamental Gneiss. ‘hey further as- 
certained that, whenever eruptive rocks occurred, they did not in- 
terfere with or derange this ascending conformable Lower Silurian 
succession. 

Professor Harkness, who has visited the west of Sutherland since 
the Meeting of Aberdeen, and who has gone over the principal or 
typical sections in question, has confirmed these views, and has trans- 
mitted to the author additional details, which were cited in the pre- 
sent communication. 

The characters of the ‘‘ Fundamental Gneiss” which occupies the 
Western Coast were again dwelt upon to show that its strike from 
N.N.W. to S.S.E. was essentially distinct from that of the so-called 
“ Upper Gneiss”. The latter, as well as the Lower Silurian rocks 
on which it reposes, ranges from N.N.E. to S.S.W., and, having a 
prevalent south-easterly dip, is entirely unconformable to the Old or 
Fundamental Gneiss, which is shown by the author to be the oldest 
stratified rock yet discovered in the British Isles, and to be of the 
same age as the Laurentian System (of Logan) in North America. 

After some additions to the data respecting the Cambrian Sand- 
stones and Conglomerates, which, occupying the loftiest mountains 
of the west coast, rest unconformably on the upturned edges of the 
older gneiss, new sections were exhibited to show the perfect con- 
formability of all those strata which, lying transgressively on such 
Cambrian rocks, were referred, as a whole, to the Lower Silurian rocks. 

In the district of Assynt there are clear evidences demonstrating 
that the limestones are surmounted by quite as thick a mass (Ben 
More in Assynt, etc.) of quartz-rock as that which lies beneath them ; 
both the Lower and Upper Quartz being characterized by numerous 
annelide-tubes. The igneous rocks that are there intercalated with 
the limestone, or appear in the overlying quartz-rock, produce no de- 
rangement of the order. 

Attention was called to the former observation of the author, that 
the whole of this quartzose and calcareous series is overlaid by an- 
other limestone, which, in its turn, passes up conformably into other 
crystalline rocks, chiefly micaceous schists and flagstones, which are 
represented, as before said, in all geological maps in the same colours 
as the Old or Fundamental Gneiss. 
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The author particularly cited the observations of Professors Ram- 
say and Harkness, in illustration of this essential feature of the 
passage upwards from this quartzose and calcareous series into the 
‘* Eastern or Upper Gneiss”’, as seen on the banks of the River Oykel 
in Ross-shire, and thence ranging to Kinloch-Ailsh in Sutherland, 

To show how in the limited space of a few miles there was an en- 
tire discrepancy between the Fundamental Gneiss and the strata 
overlying the quartz-rocks and limestones, two transverse sections 
were exhibited, the one along the banks of Loch Stack and Loch 
More, the other across Loch Eriboll to Ben Hope. Both of these 
exhibit a conformable overlying succession from the quartzose and 
calcareous strata into overlying micaceous flagstones, which though 
occasionally so metamorphosed as to resemble a sort of gneiss, are for 
the most part very unlike that rock, and when viewed en masse 
can everywhere be distinguished from the Lower Gneiss ; to say no- 
thing of their greatly overlying position and their having a strike 
and dip entirely discordant to that ancient rock. 

Attention was peculiarly directed to the details of the section 
across Loch Eriboll, where a large Orthoceratite had been discovered 
by Mr. Clark, in a strong band of quartz-rock between the Lower 
and Upper Limestone, and where, in the escarpment above the house 
of that gentleman, the clearest proofs are seen of an unbroken and 
conformable succession from the quartzo-calcareous members of the 
series up into the quartzo-micaceous and chioritic rocks (‘‘ Upper 
Gneiss’”’) which range across Loch Hope and rise to the summit of 
Ben Hope, 3040 feet above the sea. 

In its advance on the dip to the east, this overlying micaceous 
and flag-like series occasionally becomes gneissose, particularly in 
those tracts south and east of Tongue, and along the eastern frontier 
of Sutherland, where intrusive granitic, syenitic, and felspathic rocks 
prevail infinitely more than in the western tracts. 

Particular attention was given by the author and Prof. Ramsay, 
and subsequently by Prof. Harkness, to the existence of a zone of 
intrusive rocks, which seemed to Prof, Nicol to produce a decided 
separation between the Silurian Rocks with fossils and the “ Eastern 
Gneiss.” In the escarpment above Eriboll House, the only igneous 
rock observable is a very thin course of a few feet of felstone, which 
is quite conformable to the strata, and produces no sort of disruption 
among them. In proceeding northwards, or towards Whiten Head, 
these igneous rocks, chiefly of red compact felspar and white quartz, 
protrude in startling and irregular masses, particularly in Ben Ar- 
noboll ; but neither there nor at the Whiten Head upon the Northern 
Ocean (which the author visited thirty-three years ago in company 
with Prof. Sedgwick) do these felspathic rocks produce any real 
severance between the quartzose strata and the so-called ‘‘ Eastern 
Gneiss,” which latter, in the form of deep-green micaceous and 
hornblendic schists, overlies the quartz-rock conformably, both sets 
of strata dipping together to the K.S.E., A similar ascending suc- 
cession of the strata was shown to exist in Assynt and on Loch More, 
notwithstanding the occasional interpolation of igneous rocks, 

It was announced that the small map, the publication of which 
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had been deferred last Session, would soon be completed, and that 
on it would be represented the most sweeping change in the Geo- 
logical Map of Scotland which had ever been proposed ; inasmuch 
as a vast region, which has up to this day been considered to be 
of a primary age, and anterior to palzozoic life, will be referred to 
the Lower Silurian epoch. 

Passing from the North Highlands, which he had more especially 
examined of late years, the author expressed his opinion that the 
mica-slates, clay-slates, and quartz-rock of the Southern Highlands 
would probably all fall into the same Lower Silurian category as the 
rocks of Sutherland and Ross, 

In conclusion, he begged to repeat what he had stated five years 
ago at the Glasgow Meeting of the British Association, that, with 
the exception of examples in the slate-rocks of Loch Lomond, Eas- 
dale, Ballyhulish, &c., on the west coast, and very partial cases in 
the clay-slate of Aberdeenshire, he had never seen any examples of 
mechanical cleavage in the crystalline rocks of the Highlands, as had 
been maintained by a distinguished deceased Fellow of the Society. 
(See Mr. D. Sharpe’s Memoir in the Phil. Trans. vol. cxlii. p. 445.) 


LXXIII. Intelligence and Miscellaneous Articles, 


SUGGESTIONS AS TO THE STRUCTURE OF THE TAILS OF COMETS, 
BY THE REV. T. W. WEBB. 
cee OU it there seems to be no question that the dark space so 
frequently included in the tails of great comets is the result of a 
hollow structure, an attentive consideration of the appearances ex- 
hibited by the comet of Donati has led me to think it probable that 
some other cause may concur in its production. ‘The ordinary laws of 
perspective certainly seem inadequate to its explanation, except in 
cases in which the darkness bears a large proportion to the brighter 
streams on each side of it; for, unless the difference is but small 
between the radius of the hollow interior and that of the whole tail, 
the sine will not exceed the versed sine in a sufficient ratio to ac- 
count for so great an increase of luminosity as is frequently witnessed. 
On the contrary, at one period in the course of Donati’s comet, at 
the end of September and during the first few days of October, the 
central darkness in the train, though very intense, occupied a com- 
paratively small part of its whole breadth. My own estimate on 
September 30 gave it but one-eighth of the entire width of the tail, 
in which case a simple calculation will prove that the sine would 
exceed the versed sine only by something less than one-eighth part, 
and consequently the resulting difference in brightness would by no 
means accord with observation. The supposition of a shadow pro- 
jected from the nucleus might seem at first to assist us with a sup- 
plementary amount of darkness; butit will be found unavailing when 
we have compared the case of the comet of 1811, in which a trans- 
parent space surrounded the nucleus alike on every side, Hence it 
may be thought probable that there must be some other cause for 
this appearance ; and I have been induced to conjecture that, admit- 
ting the existence of a hollow interior, the difficulty might be met by 
the additional supposition of a radiated structure, in consequence of 
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which the luminous particles, drawn out into a lengthened form, 
would in the apparent centre of the tail present their ends only, but 
on each side of it their full extent, to the observer's eye. At any 
rate such a conjecture would be fully in accordance with the hypo- 
thesis of a polar force of repulsive character, of which there seem to 
be other evident indications. —Proceedings of the Astronomical Society, 
No. 10, 1859. 


ON THE PRESENCE OF VANADIUM IN THE CLAY OF GENTILLY. 
BY P. BEAUVALLET. 

M. H. Sainte-Claire Deville terminates a recent note on the 
occurrence of vanadium in an iron ore of the South of France, by 
stating that, from what he has heard, vanadium will be found to be 
more common than might be expected. This refers to the discovery 
of this metal by the author in the clay of Gentilly, towards the close 
of the year 1858. By fusing this clay with carbonate of soda, the 
author obtained a mass of a bluish-green colour. At first he sup- 
posed this coloration to be due to manganese, but analysis proved it 
to be produced by vanadium. 

To extract the vanadium from the clay, he proceeds as follows :— 
Fragments of baked clay * are boiled with 3 per cent. of carbonate 
of soda and a sufficient quantity of water. After they have been 
boiled for a few hours, the liquid is separated by filtration; it con- 
tains silica, alumina, and nearly the whole of the vanadic acid. It is 
supersaturated with sulphuric acid and then with ammonia; and 
hydrosulphate of ammonia is afterwards added. After two hours of 
digestion the liquid is filtered, to separate the precipitate of alumina 
and silica. The filtered liquid, which contains the vanadium in the 
form of sulphovanadiate of ammonia, is treated with an excess of 
acetic acid, which throws down the sulphuret of vanadium, espe- 
cially when the liquid is heated to boiling. This sulphuret, calcined 
at a red heat, gives vanadic acid. 

‘The following process may also be adopted for the separation of 
the vanadium from the solution of soda. The solution is boiled with 
an excess of muriate of ammonia until no more ammonia is evolved ; 
the silica and alumina are separated by filtration; and a solution of 
tannin is poured into the filtrate, which causes the formation of a 
voluminous precipitate of taunate of vanadium of a fine blue-black 
colour; this, calcined in contact with the air, leaves a residue of 
vanadic acid. 

M. Terreil, who has treated different clays of the environs of Paris 
by the abové method, did not find any vanadium in them, but obtained 
from them titanic and tantalic acids. 

M. Elie de Beaumont mentions that both the iron ore and the 
Gentilly clay above referred to belong to the tertiary strata. This 
occurrence of vanadium in recent strata at two points so wide apart 
as Gentilly and les Beaux, is a new fact in geology, and merits 
attention. Comptes Rendus, August 22, 1859, p. 301. 


* The author uses the flower-pots furnished to the Museum by M. Lé- 
cuyer. The red pots contain more vanadie acid than the yellow ones. 
After they have been exposed for some time to the action of the water, 

‘they furnish scarcely any more. 
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LXXIV. Critical and Experimental Contribution to the Theory of 
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: aes since the first attempts were made by chemists to base 

on scientific principles the art which is carried to such 
perfection in this district, two questions have presented them- 
selves as necessarily requiring solution, 

1, In what part of the coloured fibre is the colouring matter 
situated ? Does it merely adhere to the surface, or does it pene- 
trate the entire substance of the cell-walls of such fibres as 
cotton and flax? or lastly, in the case of such fibres, is it stored 
up in the interior of the cells? 

2. What is the nature of the union between the dye and the 
fibre? Is it a chemical combination, or is it due to mere surface 
attraction ? 

It is obvious that the correct decision of the former of these 
questions must throw much light on the latter; and this consi- 
deration suggests the course which it was necessary to take in 
order to arrive at the required conclusion. Both chemical expe- 
riments and microscopic observations have been employed on 
this subject, though neither to any very great extent; indeed 
it is only in recent times that researches have been engaged 
in for the express purpose of ascertaining the true nature of 
the phznomena in question: formerly the subject was treated 
altogether inductively. In this way several theories concerning 
the process of dyeing have arisen which absolutely contradict each 
other in all their parts, none of them paying the least regard to 
the innumerable and ever increasing mass of observations to 
which a more careful sifting of the facts is daily giving rise. 

It is necessary to give an outline of these various explanations 
of the dyeing process, in order that we may be able to set forth, 
without too much repetition, the following verifications of them, 

Phil. Mag. 8. 4, No. 123, Suppl. Vol. 18, 21 
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resulting from a more extended knowledge of positive matters of 
fact. 

Persoz* has made an excellent summary of at least the more 
ancient learning on this subject ; and it will be quite sufficient for 
our purpose to take from this source the most essential outlines 
of some of these various doctrines. 

At first the view found its supporters, that in the group of 
phzenomena under consideration we had to deal with mechanical 
adhesion. Hellot was of opinion that the colour of wool de- 
pended on the intimately divided particles of colouring matter 
introducing themselves into the pores of the fibres; and that the 
distinction between a true and a false dye consisted in this, that 
in the first case the fibre was covered over with ‘an astrin- 
gent substance,” so that the ordinary agents—light, water, 
&ce.—could not get at the colouring matter, whereas in the case 
of a false dye no such protection existed. In another place he 
says that the pores must be cleansed, opened, filled, and again 
closed, so that they may retain the particles of colouring matter 
as the setting does a diamond. He was aware of the method of 
forming lakes by the application of certain earthy or metallic 
salts, and was of opinion that if we could procure the particles 
of these lakes as small as we pleased, and could open the pores 
of the fibres sufficiently wide to admit them, the defect of false 
dye would be removed. 

This too accommodating view, which at the first glance may be 
seen to be in the highest degree confused and self-contradictory, 
was soon followed by the more elaborate theory of Le Pileur 
d’Apligny. He accounted for the different capabilities of wool, 
silk, cotton, and flax to take up colouring matter, in a manner 
that clearly showed his extensive acquaintance with the art of 
dyeing. The observation (true, indeed, only under certain cir- 
cumstances) that, in a decoction of cochineal of given strength, 
wool takes a deeper tint than silk, and the latter a deeper tint 
than cotton or flax, he accounts for on the ground that the pores 
of the silk fibres, being far smaller than those of the wool, admit 
fewer particles of lake (formed by the union of the colouring 
matter of the cochineal with chloride of tin), while the pores of 
cotton and flax, for a similar reason, admit still fewer. 

Persoz was perhaps the first who maintained, in a thoroughly 
scientific manner, and without resorting to arbitrary hypotheses 
concerning the constitution of the fibres, the doctrine that the 
fixing of colour depends on surface attraction. The fundamental 
idea of his views may be expressed as follows. 


* Theoretical and Practical Treatise on the Printing of Tissues, vol. ii. 
p. 126 


a 


Dr, Bolley on the Theory of Dyeing. 483 


All the phenomena of attraction may be divided into three 
groups. 

The first comprises those whose results we call chemical com- 
binations, consisting of the approximation of atoms or atom 
groups, where the physical properties of the product are entirely 
different from those of its components. 

The second consists of those immediate approximations of 
atoms or atom groups which can only occur when the form and 
size of the atoms render it possible; it includes what are ordi- 
narily called the phenomena of cohesion. Persoz* explains how 
these two classes of phenomena, generally described as altogether 
distinct, are really very similar. 

The third class of phanomena, which has been less accurately 
investigated, stands further removed from either of the former 
than they from each other. It includes the attraction between 
gases and porous bodies, the union of gases in the presence of 
porous bodies (catalysis), the absorption of certain gases in water, 
the separation of colouring matter from solutions by charcoal, 
and the decomposing effect of charcoal on solutions of salts. 

The question which naturally follows these introductory ob- 
servations, viz. to which of these three classes of phenomena 
the fixing of colours on tissues and yarns belongs, is answered as 
follows. 

Two stages must be distinguished in the process of dyeing. 

1st. The colouring matter is to be rendered insoluble. This 
is effected either by the chemical change which the dye itself 
undergoes (as oxidation in the case of protoxide of iron and 
indigo-white), or by precipitation (safflower), or by the evapora- 
tion of the solvent (sulphide of arsenic from ammoniacal solu- 
tions),—all examples of substantive dyes; or by the production 
of chemical combinations of the nature of salts (lakes), of which 
the colouring matter is itself a constituent—dyeing with mor- 
dants and the so-called adjective dyes. There is no doubt that 
these processes belong altogether to the class of chemical attrac- 
tions. 

2nd. The second stage of the dyeing process is the union of 
the insoluble colouring matter with the fibre. This phanomenon 
Persoz places in the second class of attractions, that is to say, he 
considers it as due to superficial attraction f. 


* Tn detail in his work entitled “Introduction a l’étude de la chimie mo- 
léculaire,” Strasbourg, 1839,—a work in which many valuable ideas on mole- 
cular chemistry (that, for example, concerning the atomic volume of bodies 
of greater or less fluidity) are thrown out, which have since been partly 
worked out to their results by others. 

+ His words are, “Selon nous, cette adhérence des couleurs est due a 
une juxtaposition immédiate, la matiére colorante se déposant, non dans 
les pores des brins de coton, de laine, et de soie, mais a leur surface, qui, 
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It is obvious that thus, together with the second of the ques- 
tions mentioned at the commencement of this essay, on which 
the whole subject turns, the first also is most unequivocally 
answered. 

The practical illustrations which Persoz adduced in support 
of his own views, he also employed against a theory of Walter 
Crum’s on the subject of cotton-dyeing. We shall therefore give 
a short sketch of Crum’s theory before we notice the arguments 
of Persoz. 

According to W. Crum*, the cell of the cotton fibre, in its 
fully developed state, is flattened throughout its entire length, 
except at the edges, which remain raised and tubular. He 
appeals to the microscopic observations of Thomson of Clitheroe, 
and Bauer (which, however, all the more modern researches show 
to be incorrect), and contends that the mordant penetrates into 
these canals by means of the pores in their sides, and there de- 
composes and dries up; and that the solution of colouring mat- 
ter afterwards applied follows the same course, forming a lake 
with the mordant base. To the repeated washings which are 
found so necessary in cotton-dyeing, he attributes the effect of 
removing that part of the mordant which has adhered to the ex- 
ternal surface of the fibre. In conclusion, he draws a comparison 
with the attractive power of charcoal for colouring matter and 
salt solutions, and explains several dyeing operations (those, 
namely, in which mordants may be dispensed with) as attribu- 
table to a power in the fibre analogous to that of charcoal. 

Persoz very justly asks, how is the printing of cottons, when the 
pigment is thickened with some viscous substance, to be explained 
on W. Crum’s theory? It is impossible to believe that the semi- 
fluid mass can penetrate the pores of the fibres and expel the air 
from the interior tubular space. Stuffs to be dyed indigo-blue 
are often first prepared with a thick mixture of stiff paste and 
blue vitriol, in which case it is impossible for the dye to penetrate 
the pores in the sides of the cells. The process of the so-called 
enlevage, or decolouring printing, would be hard to understand 
if the colouring took place in the interior of the fibre instead of 
on the outside surface. In the case both of indigo-blues and 
nankeens, the observation may easily be made, that, by repeated 
washings and dryings, the indigo or oxide of iron may be conti- 
nually diminished. A piece of blue cotton cloth was laid for a 
week in clear running water, and it was at last found that the 
colour was almost washed out. How is it that stuff dyed a full 


ainsi qu’on peut s’en assurer au microscope, se compose de facettes assez 
semblables pour la laine aux écailles de poisson.” 

* “On the Manner in which Cotton unites with Colouring Matter,” 
Philosophical Magazine for April, 1844. 
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red, and which, therefore, according to W. Crum, has the cells 
of its fibres completely filled, becomes black on being printed 
with a blue dye, and orange with yellow? By these objections 
Persoz makes it plausible that the dye affects the surface 
only. 

Dufay in 1737, and Bergmann in 1776, expressed an opinion 
altogether opposite to the above, and they were followed by 
Macquer (1778), Berthollet, and finally by Chevreul. This entire 
series of inquirers, among whom is to be found the most brilliant 
talent of the period, regard the union of the pigment (and lake) 
with the fibre as chemical. The property of wool to take colours 
more readily than silk, and that again more readily than cotton 
or flax, they attribute to the different degrees of chemical affinity 
which these fibres have for dye stuffs. 

We must not neglect to examine more carefully into the views 
and researches of Chevreul, which Persoz has altogether omitted 
to mention. These are to be found in his treatise, entitled 
“General Theory of the Art of Dyeing*.” In the introduction 
to this learned treatise, he maintains that the object of the dyer’s 
art is to apply to the different fibres dyes which combine with 
them by chemical affinity, and not by mechanical attraction. 

The portion of this treatise which touches on the subject under 
consideration is divided into six parts, wherein numerous special 
observations and experiments are cited. 

1. The behaviour of vegetable and animal fibres (as ternary 
and quaternary combinations) to the elements is, as might be 
expected, such that the latter unite with them unwillingly and 
in small quantities. 

2. The acids, according to Chevreul, behave in the following 
manner :— 

A liquid which contained 1 grm. of sulphuric acid diluted with 
water to 10 cubic centims., gave up a portion of the acid to wool 
and silk digested therein, the liquid poured off showing itself 
less acid. Cotton produced an opposite effect; the fibres took 
up the water and left a stronger acid. 

The behaviour of hydrochloric acid was only tried on wool; a 
mixture which in 10 cubic centims. contained 1:1628 gr. HCl, 
gave up acid to wool. 

These acids could be extracted from the fibres again by long 
washing. 

3. Of the bases, Chevreul states that magnesia and lime can 
combine with wool, but nothing is said of the manner of effect- 
ing the union. 

4, Salts brought into contact with fibres give four possible 
results :— 

* Dictionnaire Technologique, vol. xxi. p. 365, 
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(a) No effect; a case left undiscussed, but of which it may be 
doubted whether it ever really occurs. 

(6) The salt may unite as a whole with the fibre. Ferrideyan- 
ide of potassium, separating from a dilute aqueous solution, 
unites with wool and silk ; and from this behaviour it is inferred 
that the same is the case with many other salts. The experi- 
ment of Thénard and Roard is appealed to that alum unites with 
fibres (what fibres ?), and may be washed out again. 

(c) Another case is the separation of a basic from a neutral salt, 
setting free an acid salt. 

A solution of persulphate of iron applied to silk tinges it of a 
rust-colour, which results from the separation of a very insoluble 
basic salt. Chevreul expressly maintains that these decomposi- 
tions can only be ascribed to the chemical affinity of the silk for 
the basic salt of iron. 

The power of silk to attract basic salts is greatest when the 
salt solution is of one particular degree of concentration, less for 
a more dilute solution ; when, however, the concentration is too 
strong, the tendency of the basic salt to separate out again dimi- 
nishes. Different salts of iron give up more or less basic salt, 
according to their disposition to form such salts. 

(d) The last possible contingency is that one only of the two 
constituents of the salt, the acid or the base, becomes fixed. 

Wool, according to Thénard and Roard, decomposes bitartrate 
of potash, uniting with the tartaric acid and part of the unde- 
composed salt, and setting free neutral tartrate. Cotton soaked 
in acetate of alumina, dricd and boiled, yields nothing but 
alumina. 

5. As to the effect of fibres on the neutral binary, ternary, &c. 
compounds other than salifiable 

Inorganic compounds which belong to this class are the me- 
tallie sulphides, which are precipitated either from ammoniacal 
solutions by the evaporation of the ammonia, or from solutions 
in a fixed alkali by treating with an acid, or by soaking in a me- 
tallic salt and passing through sulphide of potassium. 

Finally, organic dye stuffs are treated of in regard to their 
behaviour on being brought into immediate contact with fibres. 
It would, however, be altogether useless to repeat the observa-~ 
tions made on this subject. The discoveries which have been 
made since the year 1833 (when the essay may have been written), 
on the subject of organic colouring matters, have effected so entire 
a change in this branch of organic chemistry, that but the small- 
est part of Chevreul’s treatise is on a level with the present state 
of our knowledge. 

As little important are the observations in part 6 of the trea- 
tise, which relates to the behaviour of fibres—bases, acids, or sali- 
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form combinations, and organic dye stuffs, that is to say, a review 
of the relations that result from the application to the fibre of 
both mordant and dye. In the last two divisions, also, cer- 
tain well-known phenomena of the art of dyeing are noticed, 
which contribute nothing to the proof that we have to do with 
chemical combinations. 

To Chevreul’s views and labours we shall have to return pre- 
sently. We must now notice the chief results of three several 
works which possess the common merit of pursuing the method 
of actual observation, the more so because they have nowhere 
been influenced by the desire to uphold a common theory of 
dyeing. 

A. Oschatz*, in the year 1848, published a treatise well worthy 
of attention, “ On the Structure of the most important Fibrous 
Substances used in the Arts,” at the conclusion of which there is 
ashort chapter entitled “ Microscopic Contribution to the Theory 
of Dyeing.” The conclusion which he draws from his observa- 
tions are expressed in his own words as follows :— 

“Tf thin sections of coloured fibres be taken and submitted to 
microscopic examination, it will be seen that the entire sub- 
stance of the fibre is equally coloured. The thickness of the 
cell-walls, even in cotton fibre, leaves no doubt on this point ; 
and the fact that in some cases, especially in cotton dyed Turkey 
red, the external layer of the cell-wall is more deeply coloured 
than the rest, is not to be set against the universal observation 
that in wool and silk the whole section displays the most entire 
uniformity of tint. 

“ By the establishment of this universal fact, of the reality of 
which any one may convince himself in the way above indi- 
cated, a starting-point at least is secured for future theories. 
The separation of the particles of colouring matter which have 
been disseminated throughout the organic substance is as little 
to be detected, even with the highest magnifying powers, as that 
of the particles of lime-salts in the organism of bones, or of silicic 
acid in the cell-walls of shave-grass or ordinary grasses. If, 
therefore, the chemical union of the dye stuff with the substance 
of the fibre be not admitted, we are forced to suppose the par- 
ticles of colouring matter so small and so equally disseminated 
as to defy the most powerful microscopes.” 

Verdeilt, in December 1858, transmitted to the French Aca- 
demy a communication “On the Dyeing of Fibres of Animal 
and Vegetable origin,” the substance of which may be summed 
up as follows :— 

* Berlin Gewerbe-, Industrie- und Handelsblatt, Nos. 1.to 14. Also Po« 


lytechn. Centralblatt, vol. ii. p. 1415. 
+ Comptes Rendus, December 1858, No. 24. 
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1. Wool, silk, and cotton are coloured by the penetration of 
the dye. Under the microscope they appear evenly impregnated 
with colour, and transparent. Stuffs dyed with chromate of lead 
and oxide of chromium form an exception, being coloured partly 
by adhesion of the dye to the surface, partly by its penetration 
throughout the substance of the fibre. In some exceptional cases 
the colour of black silk is due to a crust which adheres only 
slightly to the outside of the fibre. This crust easily breaks off 
and shows the fibre coloured uniformly by penetration. With 
these exceptions, fibres are universally coloured by penetration 
of the dye, and its intimate union with the substance of the 
coloured material. 

2. The processes actually employed for dyeing different sub- 
stances differ according to the nature of the fabric. While, for 
instance, fibres of animal origin, such as wool and silk, take up 
colouring matter from a solution containing a metallic salt as 
mordant, woody fibres under the same circumstances do not 
receive the slightest trace of colour. In order that cotton, flax, 
or hemp may take a dye that neither washing with water nor 
friction shall be able to remove, the colouring matter must be 
rendered insoluble after it has penetrated the substance of the 
fibre. Wool and silk, on the other hand, seem to possess a genuine 
affinity for colouring matter mixed with a mordant. 

3. He found that wool and silk, treated with solutions of alu- 
mina, iron, and tin salts, possessed the property of fixing a certain 
portion of the base of the mordant. 

The following is a tabular view of these results :— 


Wool treated with alum, contained in 100 parts 0°75 ash. 


on the same ¥ S OFZ sy, 
¥ sulphate of alumina 8 0:86 Co, 
y alum and cream of tartar LIP a3 
% acetate of iron ,, Fr 075, 
i perchloride of tin - 25g, 
Silk treated with acetate of alumina Ei 150 ony 
if acetate of iron ,, 5 1:00 ,, 
” alum oP) ” 0:40, 


Finally, O. Maschke* published a treatise, the object of which 
was not, indeed, to propound a theory of dyeing, but in which 
observations are recorded that bear so immediately on the fore- 
going questions that we cannot venture to pass them over. The 
treatise in question is entitled “ Pigmentlosung als Reagens bei 
mikroskopisch-physiologischen Untersuchungen.” 

In the first place, the most important results of Hartig’s 
researches on the effect of certain pigments on the cell-contents 


* Journal fiir Prakt. Chemie, vy. Erdmann und Werther, vol. Ixxvi. p. 37. 
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are collected. The only portion of Hartig’s labours which it is 
important for us to notice, concerns the explanation of the phe- 
nomenon of the attraction of colouring matter by the cell-nu- 
cleus. Maschke expresses Hartig’s views as follows (we also give 
Maschke’s explanation of these observations im his own words) :— 

1, Carmine is by no means the only dye taken up by the 
chlorogen (or chlorophyll) of the cell-nucleus ; the same thing 
happens with the juice of Phytolacca decandra, litmus, gamboge, 
sulphate of copper, cimnabar, and ink. 

“2. The chlorogen is composed of vegetable gelatine and 
albumen; and the gluten of wheat consists of the same sub- 
stances, each of which possesses the property of taking up 
colouring matter. Animal albumen (white of egg), the fibrous 
bundles of isinglass before and after solution, the nitrogenous 
gluten meal of other seeds, and the non-nitrogenous mucilaginous 
layers of gum tragacanth cells and other mucilaginous cell-walls 
(Entwickelungsgeschichte des Pflanzenkeims, by Hartig, p. 6), 
behave similarly with regard to dyes. 

“3. Chemical action is out of the question, as is also mere 
adhesion or penetration, since the smallest scarcely perceptible 
mixture of dyeing matter with the cell-sap colours the chlorogen 
and that alone, the cell-walls and juices by which it is surrounded 
remaining colourless. The colouring commences in a few seconds, 
and in a few minutes attains its maximum intensity. 

“4. The whole phenomenon can hardly be explained other- 
wise than by supposing an extraordinarily rapid passage of the 
liquid through the chlorogen, which acts as a filter, arresting and 
accumulating the colouring matter dissolved in the liquid. 

“5. Among the different colourmg matters that have been 
employed, carmine is to be preferred, because bodies coloured 
therewith remain transparent even when dyed a deep red. 

“Tf Hartig’s observations under head (1) were altogether cor- 
rect, his views concerning the colouring of the cell-nucleus would 
contain little to surprise us, especially when considered in con- 
nexion with the theory which he propounded long since concern- 
ing the physiological import of this central organ. 

“Tt is, however, easy to show that the nitrogenous constituents 
of the cells easily take a colour from pigments applied merely in 
a state of intimate division, which in the case of carmine, for 
instance, can alone be the case. 

“ When pigments in a state of actual solution are alone em- 
ployed to colour microscopic objects, we obviously have the same 
state of circumstances as im dyeing wool and silk on a large scale, 
viz. nitrogenous substances and dye-baths. Now it has long 
been known that dyes possess a chemical affinity for the sub- 
stance of wool and silk; it is also known that certain colouring 
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matters, indigo for example (called for this reason a substantive 
dye), possess this affinity so strongly that even the employment 
of a mordant may be dispensed with ; nothing then can be more 
natural than to expect something similar in the process of colour- 
ing microscopic objects, and to explain the colouring effect of any 
pigment on the cell-nueleus simply on the ground of the chemical 
affinity between the substance of the nucleus and the dye employed. 

“That chemical affinities do here, in fact, come into play, may 
be gathered & priori from the fact that other granular or vesicular 
contents of the cells, morphologically similar, but of a different 
chemical constitution, do not unite with pigments ; and the jus- 
tice of this view will appear more clearly with regard to each 
separate kind of material in the course of the present work. 

“‘The physical state of the material to be coloured does not, 
however, appear to me to be altogether without effect. Besides 
chemical affinity, surface attraction, as it is exhibited in charcoal 
and platina, certainly contributes in some cases to the result, by 
rendering the effect of the former more considerable. 

©] have addressed the following experiments in the first place 
to discover those physiologically important substances in which 
the power of attracting colour is innate; but as it is well known 
that nitrogenous substances, such as wool and silk, are especially 
fitted for dyeing, so I have begun the series of my experiments 
with this group, or rather with the group of proteine substances.” 

Maschke then describes a series of observations of his own, 
from which we shall select such as seem to relate to our subject. 

Of horny tissue, for example, he says, “The power which 
horny matter possesses of attracting colour is well known to 
dyers. I was therefore the more surprised at finding, on repeated 
and most carefully conducted experiments, hardly a trace of colour 
in hair and wool which had been treated with ether, even after 
they had laid for hours in the dye-bath. Only where the fibres 
had been cut or broken, or where, through pressure or friction, 
the external surface of the hair had been abraded so as to expose 
the corticular substance to the operation of the dye, did the 
colour after long exposure begin to become visible. 

“This paradox disappeared when the temperature of the 
coloured solution contaiming the object under microscopic exami- 
nation was greatly elevated; then the process of colourmg was 
seen to proceed from the sections of the hairs, to enter their ex- 
tremities, and thence to spread over their entire lengths. It 
seems, therefore, that the phenomenon first noticed results from 
the external covering of the hair opposing itself obstinately to the 
entrance of the coloured liquid ; and that in aqueous solutions 
at ordinary temperatures, both this external covermg and the 
corticular substance become soaked but very slowly.” 
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Lastly, the group of substances consisting of cellulose is con- 
sidered, and the following observations made thereon :— 

“These substances, consisting altogether of cellulose (and 
also that substance consisting entirely of vascular or vesicular 
membrane, which I am inclined to regard as corticular sub- 
stance, that is, as the substance of which the peel of potatoes 
and the cuticle of plants consists), as well as amylaceous matter, 
sugar, and mucilage, gave altogether negative results. 

“We have therefore two groups of organic substances, of 
which the one unites with colouring matter, while the other 
does not appear to the microscope to do anything of the kind. 
Both groups are of the greater importance, that all the members 
of the proteine family belong to the one, those of the cellulose 
to the other, and that almost all the members of these families 
nearly exclusively compose the substance of plants.” 

From this summary it is most evident that, on the two ques- 
tions mentioned at the commencement of this essay, on which 
the whole subject turns, there is no kind of unanimity amongst 
the different authors whose names we have mentioned. 

We shall first take a general view of those observations which 
relate to the deposition of the colouring matter on the fibre. 

While Persoz contends for external adhesion as the most 
general, W. Crum (who, however, only concerns himself with 
cotton fibre) considers the storing up of the colouring matter 
in the interior of the cells as the true state of the case. Oschatz 
and Verdeil declare for the uniform penetration of the dye 
throughout the mass of all fibres, but allow some exceptions. 
Finally, Maschke denies that cellulose possesses the property of 


_ penetrability by dyes, while on the other hand he claims the pro- 


perty of attraction for fibres of an animal nitrogenous constitution. 

With regard to wool and silk, we find a certain agreement of 
opinion among the three last authors. Persoz’s view, however, 
which indeed is not grounded on any special observations, but 
rather on considerations of general plausibility, is entirely opposed 
to them all. One point is certain: if the question whether wool 
and silk are penetrated by the dye is to be decided by the micro- 
scope, it must be answered in the affirmative, provided only that 
fibres are not examined which have been dyed by colouring mat- 
ter in a mere state of suspension. In numerous and manifoldly 
varied experiments, I have always found this to be the case. We 
cannot, however, in all cases admit the truth of what Verdeil 
says, viz. that sili is only in some exceptional cases coloured by a 
crust adhering to the surface of the fibre. Against this asser- 
tion, arguments may be urged derived from the nature of certain 
dyeing processes, as well as.a series of observations which we 
shall mention directly. 
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If we call to mind the method of dyeing with green indigo 
(vert de Chine, Lo-Kao), which the Chinese make use of, we must 
admit a deposition of the colourmg matter upon the surface of 
the fibre. It cannot possibly be otherwise with safflower (Car- 
thamus), because we here also have to do with colouring matter 
in a mere state of suspension. 

Fig. 1*, PI. III. represents fibres of scoured silk coloured with 
carthamus. On wetting such silk under a covered object-glass, the 
loosening and swelling up of the crust of colouring matter ad- 
hering to the surface is plainly to be observed. The fibre itself 
indeed is not altogether of its natural tinge, but it is but little 
discoloured. 

A similar behaviour is to be found, not only in those cases 
where it might have been expected beforehand, but in a whole 
series of other colours. 

Brazil-wood red, for example, which has been fixed on scoured 
silk previously alumed by means of a decoction of Guinea-wood 
red and chloride of tin (the so-called physic of the dyers), ap- 
peared to me under the microscope altogether similar (fig. 2). 

This phenomenon showed itself most clearly in the case of 
black dyes. There is, as is well known to practical dyers, a so- 
called heavy black dye used for silk, in which not only is the loss 
of weight which the silk has undergone in scouring replaced by 
the dye, but, in the case of unscoured silk, the weight is increased 
sometimes 100 per cent., on account of the thickness of the 
crust of colouring matter. By far the greater portion of the dye 
stuff (mordant, &c. included) adheres in this case to the surface 
of the fibre in crusts like strings of pearls (fig. 3). 

The fibre in the parts where still uncovered appears transpa- 
rent and blackish. By means of a solvent the silk can be removed, 
the crust of colouring matter scaling off and remaining partly in 
compressed annular pieces, partly in flat scales (fig. 4). This 
may be done by means of either caustic soda or solution of oxide 
of copper in ammonia, which, however, is of greater service in 
experiments with cotton. 

In the case of many other colours, also, I have observed the 
very same phenomenon, penetration of the silk by the dye being 
nearly always accompanied by an accumulation of colouring mat- 
ter on the surface: this was so with cochineal-pink, prussian 
blue, green, and archil. 

In the case of wool, the first pheenomenon—the infiltration of 


* Figs. 1 to 4, specimens of silk, are represented magnified 160 times by 
a Keller’s microscope. The places on which the colouring matter has been 
precipitated in an external adhesive layer are shown of a darker tinge, 
without reference to the nature of the colour, which would have required 
a more complicated lithographic treatment of the plate. 
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the dye into the mass of the fibre—is considerably the most 
common; the second, however—the external adhesion of the 
colouring matter—is by no means unexampled. On careful 
investigation of the principal series of specimens of coloured wool, 
a considerable accumulation of colouring matter may be found in 
the little pits which occur in the external membrane of the fibre. 
This may be best shown by treating with dilute caustic soda 
when the colour is not destroyed by analkali. I have dyed wool 
black in the same way as the heavy black dye is produced on silk, 
and found that considerable quantities of colouring matter ad- 
hered to the surface of the wool. 

In the case of cotton, and indeed of all celiular vegetable fibres, 
the question is much more intricate ; hence the contradictory re- 
sults at which different observers have arrived. Oschatz and Ver- 
deil declare that, as a rule, the mass of the cell-walls is coloured 
uniformly throughout; both, however, admit exceptions. Maschke, 
on the contrary, maintains that cellular fibres take up no colour- 
ing matter from a solution,—meaning, no doubt, unless previously 
mordanted. W.Crum adopts the theory of the infiltration of the 
dye, and its accumulation in the interior of the cells; and Persoz, 
as we have seen, only admits the external adhesion of the colour- 
ing matter to the fibre. 

In this case, that which Oschatz and Verdeil declare to be the 
rule, namely the penetration of the dye throughout the substance 
of the cel]l-walls, cannot be admitted as such. On the contrary, 
the cases are few in which the penetration of the dye can be 
clearly recognized ; by far most commonly the substance of the 
fibre remains uncoloured. 

I shall mention two methods of conducting the investigation*. 
In the first place, sections were made of bundles of cotton-thread 
soaked in gum and dried. These were examined with a suitable 
magnifying power, the precaution being taken, by means of the 
covering glass of the object-bearer, to turn them about—that 1s to 
say, to give them a rotatory motion—-so as to be able to compare 
the effect of the dye on the external and on the sectional 
surface. 

Only in a few cases in a long series of observations could it be 
said that the cell-walls appeared to be somewhat coloured through- 
out their substance. Cotton dyed in a decoction of Brazil wood, 
after being treated with perchloride of tin, presented this appear- 
ance; but even here it was evident that the external surface was 
more strongly coloured than the rest. A similar appearance was 
presented by cotton dyed with the so-called ‘ Kahblau” (prus- 


* Tt was of importance to me (and I mention it here expressly and with 
thanks), that my colleague, Dr. Cramer, had the kindness to repeat and con- 
firm my observations in certain of the most striking cases. 
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sian blue); only with the difference that the section, as com- 
pared with the external surface, was even less deeply tinged. 

No discoloration of the substance of the cell-walls could, how- 
ever, be observed in the case of indigo-blue, Turkey-red, madder, 
pink and violet, chrome-yellow, chrome-black, catechu-brown, 
nankeen (hydrated peroxide of iron), iron-black, and other dyes. 

With these dyes, colouring in the hollow of the fibre was ob- 
served very seldom, and, we may say, only locally. This appear- 
ance, on the contrary, presented itself unmistakeably in the case 
of those specimens of cotton which had been dyed with mureaide. 
The cell-walls themselves were not coloured; the dye and mor- 
dant adhered for the most part to the outside surface, but a con- 
siderable quantity had penetrated into the hollow of the fibre. 
Fig. 5 will give an idea of the appearance of this section. Of 
course, therefore, W. Crum’s view is not to be approved. Of the 
two parallel canals lying along the sides of the flattened fibre 
there is not a trace. 

The method of conducting the investigation by means of sec- 
tions leavesroom for some uncertainty, since in certain cases, where 
the section is not quite perpendicular, the inclined portion of the 
outside surface shines through the sharpened edge of the section. 

The following plan may, in my opinion, be regarded as safer. 
Solution of oxide of copper in ammonia, according to the obser- 
vation of E. Schweitzer, dissolves cotton, the cellulose precipitated 
from the solution being disorganized and gelatinous. Under the 
microscope this reagent seems to act just like iodine and sul- 
phuric acid. The appearances which accompany this reaction, 
which Dr. Cramer* describes very accurately, are altogether 
similar to those which are presented when sulphuric acid of 
proper strength is suffered to act in the presence of iodine. The 
cuprate of ammoniat, however, has the advantage of acting 
much less powerfully in decomposing or dissolving most of the 
pigments used in dyeing and the metallic oxides of the mordants. 
Some of them, however (safflower, for example), are unable to 
resist its action. 

I must here in the first place expressly declare that I cannot 
understand the statement of Schlossberger{ when he says, “So 
cotton, which I had steeped in a solution of NaCl; NH*0O, NO®, 


* “Qn the behaviour of Cuprate of Ammonia towards the Cell-mem- 
branes of Plants,” by Dr. C. Cramer, Vierteljahrschrift der Naturforsch. 
Gesellschaft in Ziirich, 1857 ; and Erdmann, Journal fiir Prakt. Chemie, 
vol, Ixxiii. p. 1. 

+ [have long made use ofa small glass containing a quantity of cuprous 
oxide, and three-fourths full of a strong solution of ammonia. Onshaking 
the mixture repeatedly and reopening the glass, we have a very convenient 
reagent, which retains its strength for a long time. 

* Journal fiir Prakt, Chemie, vol. Ixxiii. p. 372. 
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resisted the action of the well-prepared reagent so completely, 
that it did not even swell up under its influence.” I shall have 
to notice directly, that not a single sample of cotton prepared 
with mordant and dyed in a dye-house, withstood the action 
of the reagent. Induced by Schlossberger’s statement, I laid 
flock-cotton in various salt solutions (common salt, sal-ammoniac, 
oer of soda, nitrate of soda, chloride of barium, &c.), 

oiled it therein, removed it, dried it between blotting-paper 
without washing, and placed it under the microscope in cuprate 
of ammonia. In every case it was dissolved. It may, indeed, 
be true that the addition of certain salts to the reagent weakens 
or entirely destroys its action; and if the cotton fibre submitted 
by Schlossberger to the action of the cuprate of ammonia was 
still wet with the salt solution, the effect might have been the 
same as the addition of a certain amount of such solution; but 
fibres merely steeped are always dissolved. 

The appearance presented by the dyed cotton under these cir- 
cumstances is the same in the case of nearly all colours. 

The cotton, after twisting and winding with a vermicular 
motion, swells up. The places where the dissolved gelatinous 
matter is lying are seldom coloured, but are generally surrounded 
by a spiral, or else dark lines separate themselves sideways from 
the cotton gelatine, some of which also lie here and there in 
fragments. These ribbon-shaped pieces, which have withstood 
the action of the reagent, and which Dr. Cramer considers to be 
the cuticle of the cotton fibre, are always more darkly coloured 
than the magma or the solution. According to the nature of the 
dye, either the original colour is retained, or it undergoes a cer- 
tain amount of change; but it is always obvious that it is to 
these parts of the cotton that the colouring matter and the mor- 
dant have adhered. Fig 6 represents the phenomenon de- 
scribed. I have observed this in the case of logwood-blue, log- 
wood-violet, gall-black, brown, chrome-yellow and orange, Tur- 
key-red, madder-red, prussian blue, and several other colours. 

Amaranth, dyed by means of murexide, presented the same 
appearance, only that at the same time colouring matter was 
clearly observed to have been laid up in the interior of the fibre. 
In this almost exceptional case the question arises, whether this 
is not to be attributed to the action of the corrosive sublimate, 
which is very seldom in any other case employed in dyeing. 

That the tubular form of the cotton fibres is at least no essen- 
tial condition to their taking a dye, appears from the fact that 
the amorphous cotton gelatine, precipitated from the solution of 
cuprate of ammonia, may be mordanted and dyed like other 
cotton. 

From these observations it follows, that the adhesion of the 
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colouring matter to the external surface of the fibre is the prin- 
cipal cause of their presenting the appearance of being coloured. 
The penetration of the fibre by the dye stuff happens seldom, and 
the accumulation of the dye in the hollow of the fibre seldomer 
still. Wool and silk, on the contrary, absorb the dye in all cases, 
—the adhesion of the lake-dye in the form of an external crust 
being, however, a very ordinary accompanying phenomenon, 
especially in the case of silk. 

We now turn to the other question, whether in the process of 
dyeing we have to do with chemical attraction ? 

This question has been answered in the affirmative, especially 
by Chevreul. He, and later still Verdeil, but before them both, 
Thénard and Roard, have instituted certain experiments with 
reference to the power of fibres to attract such salts as are used 
as mordants in dyeing. 

We have first to test the value of these researches, then to 
extend them, as they are by no means sufficiently numerous, or 
conducted with necessary care. 

Verdeil imagined he had done enough in burning mordanted 
silk and wool to an ash and then determining its weight, to 
draw therefrom the conclusion “that these substances of animal 
origin possess the property of fixing a certain quantity of the 
‘base’ of the mordant with which they have been treated.” In 
his researches he left out of consideration—at least the report in 
the Comptes Rendus mentions nothing of it—(1) the weight of 
the ash of the wool itself, and (2) whether any of the acid with 
which the base was combined in the mordant was also taken 
up. We have given above a summary of the results which he 
arrived at in the case of silk and wool: cellulose (cotton ?) 
under similar circumstances does not, according to him, fix the 
least trace of the base. Besides the omissions above complained 
of, his method of conducting the investigation does not enable 
us to form a judgment whether the per-centages so found really 
represent the amount of mordant taken up; for who could deter- 
mine, on the one hand, how much of the mordant adhered to the 
fibre and resisted the effect of washing, or whether, on the other 
hand, more had not been taken up and removed by washing? It 
may, too, be justly doubted whether cotton mordanted with ace- 
tate of alumina can have really left no ash containing part of the 
base of the mordant. The facility with which acetate of alumina 
is decomposed, either by evaporation, heat, or dilution, is suffici- 
ently well known, it being precisely this property which makes it 
fit for a mordant,—that is in this case to yield a basic, almost inso- 
Iuble salt. Cotton, linen, or straw, mordanted, or mordanted 
and dyed in a dyehouse, are found to leave an ash that contains 
much alumina; so much so, indeed, that the reduction of a piece 
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of dyed cotton cloth to an ash, and the determination of the base 
of the mordant therein, serves as an indication of the nature of 
the dyeing process through which the stuff has passed. 

After what has been said, we think we may very properly 
excuse ourselves the trouble of further examining into researches 
which contain so little that is conclusive. 

The researches of Chevreul, and the prior ones of Roard and 
Thénard, which he appeals to in his treatise on the theory of 
dyeing, are not numerous and varied enough to lead to a clear 
characterization of the group cf phenomena which result from 
the application of salt solutions to fibres. This circumstance, 
and the conjecture that a reconsideration of the question would 
in many cases lead to different results, were the mducement 
to undertake a long series of experiments from which infor- 
mation might be expected. Some of Chevreul’s experiments 
related to the withdrawal of sulphuric and muriatic acids from 
their dilute solutions by fibrous substances. He determined 
the strength of the diluted acid before the immersion of the 
fibre, and after its digestion in the solution. This method is 
the only exact one. 

Proceeding on this idea, and availing ourselves of the method, 
now so perfect, of volumetric analysis, at the same time neglect- 
ing none of the precautions usual in accurate gravimetric analysis 
we may expect to obtain results free at least from the effect of 
influences of unascertainable magnitude. 

The following fibres were made the subject of experiment :— 
(1) yellow Milan silk, raw; (2) the same, carefully scoured in 
the laboratory ; (3) woollen yarn, washed and bleached; (4) clean 
flock cotton. 

Preparatory to every experiment, a certain quantity of each of 
these substances was suffered to remain in a thoroughly dry stream 
of air from an aspirator at a temperature of 100° C. until it ceased 
to lose weight. It was then allowed to become cool over chloride 
of calcium in a closed flask (the same, in fact, in which it had 
been dried), and was then weighed. The acids or salt solutions 
in which the fibres were to be immersed were provided of the 
proper degree of concentration, and in such quantities as to 
suffice for repeated experiments with all four kinds of fibres. 
These solutions were first accurately analysed by the volumetric 
method, or otherwise. In each experiment, as nearly as possible, 
ten times as much of the solution in cubic centims. was taken as 
the weight of the fibre amounted to in grammes. After twenty- 
four hours’ immersion the fibre was removed and the liquid again 
analysed. 

In this manner the effect of the natural moisture of the silk 
and wool, which is often very considerable, was got rid of, and 
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the different species of fibre were placed on the same footing as 
regards the strength and (as far as possible) as regards the quan- 
tity of the different solutions and the duration of their operation. 

The following Table contains a summary of the results of 
thirty-seven experiments :— 


Series A. Experiments made with dilute Sulphuric Acid. 10 cubic centims. =25 cubic centims. 
NaO solution. 


2.8 
a Se. | 
= P Name and weight in ae FI 2 
cE amar es 9 a a3 E Analysis of solution after digestion. 
ze Ee 
C.ce c.c. 

1 |3°551 Wool..,.......00...,85 |10 = 24 NaO solution. 

2 |8°454 Wool.....s.ecees ...|80 |10 = 23°8 a 

3 |2°312 Raw silk .........)25 {10 = 24:0 i 

4 |2:949 Raw silk ......... 29 =|10 = 24:0 3 

5 |3:279 Scoured silk ...... 25 |10 = 24:5 3 

6 |2°830 Scoured silk ...... 30 =|10 = 24-5 i 

7 |4:770 Cotton .......... (48 {10 = 25:0 # 

8 [4-656 Animal charcoal .. 46:5 |10 = 24:6 ey 


Series B. Indigo-blue and Sulphuric Acid. 100 cubic centims. = 56 cubic centims. Permangs 1 
nate of potash 100 cubic. centims. = 0:9365 SO%, 


9 |8°857 Wool «.....66 [77-0 |100 = 36 Permanganate, 100 c.c. =0°8259 S03, 
10 |4:2975 Wool ......00.0 86:0 100 = 35 i e =0827_,, 
11 |4:316 Raw silk....... ..|86-0 |100= 4 + i, =0:907 _,, 
12 |3:867 Scoured silk .../77°0 [100 = 5 t a =0-909 

13 |4:8335 Scoured silk .../96°6 |100= 6 . ¢ =0:904 ” 
14 |4:186 Cotton... 84:0 |100 = 52 a * =0938 ” 
15 |4:290 Animal charcoal. 85-8 /100 = 20 a ° =0391 ” 


Series C. Yellow Prussiate of Potash. 10 cubic centims. =10-2 cubic centims. Permanganai e 
= 0:5616 Ferrocyanide of potassium. ; 


16 15-834 Wool........0e0e++-| 58°3 [10 = 10-2 Permanganate =0°5616 Ferrocyanide of jou m 
17 |5-724 Raw silk ......... 57-2 |10 = 10-2 as =0°5616 > 3 
18 |5-293 Scoured silk ...,..|53°0 |10 = 10:2 > =0: E16 is ib 
19 |4:577 Cotton .....+..466-|40°8 [10 = 10-2 ss =0:5616 * 


Series D. Solution of Bitartrate of Potash. 82 cubic centims. =6°72 cubic centims. 3, stand 
soda solution = 0:088704* anhydrous tartaric acid, or 0°03912 potash; anhydrous tart 
acid : potash : : 100: 439. 


ere oli 
20 |4:577 Wool sss...s000..| 45°8 [82 = 2-2) =0°088704Tartaric acid 100: 130% 
21 |4:410 Wool ...+...0...] 44°] [82 = 2:2 =0°03912 Potash ...... : 
22 |457 Raw silk......... 45-7 |32 = 0°8 | =, stand- | =0-0290 Tartaric acid 100 : 130 
23 |4:22 Raw silk......... 42-2 (82 = 08 | ard soda | =0'039 Potash ...... } a 
24 |4-569 Scoured silk ...)45°7 |82 = 3-7 [ solution } =0:050 Tartaric acid 100:77 
25 |4°336 Scoured silk ...| 43:4 |82 = 37 =0:038 Potash... a: 
26 |4°8415 Cotton............ 48:4 |32 = 33 | =0:0752 Tartaric acid 100: 545 
27 |5°120 Cotton........8.. 51-2 |82 = 5:7 { =0:0409 Potash .. oy 


* In normal tartar there ought to be 35°6 potash to 100 anhydrous tartaric at 
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Table (continued), 
Series E. Solution of Acetate of Lead. 10 cubic centims. = 0°28338 oxide. 


e.g 
33 $3 
ea 
52| Name and weight BA A 
Ey AG tered cliche a.| 3 g = Analysis of solution after digestion. _ 
a + e.29 
2% se° 
og 


| 


c.c, 


28 |4:750 Wool ......|47°5 |10 = 0:2588 oxide, required 1-2 ¢,c. 2, Standard potash solu- 
tion for the commence- 
ment of precipitation*. 

29 (5-951 Raw silk ...|59-5 |10 = 0-2387 “4 15 

30 |5°4750 Scoured silk] 54-7 |10 = 0°2580 2 . AS ase ; ” 

31 |4°883 Cotton...... 488 |10 = 028338 0-4 


Series F a. Solution of Alum. 10 cubic ceutims. = 0°0758 Al? 0? and 0:2289 S03, that is 
100 Al? 03; 301-99 SO2 +7. 


| 32 |4:5210 Wool ...... 90-4 |10=0-0685 Al? 03 and 0-2193S03,thatis 100 A203:320-29 SO# 
| 33 |4-44 Wool ...... 44-4 |10=0-0661 ,, 0:2284 Ee bE 5; 
34 |3-9710 Cotton....../39°7 |10=0-0705 |,  0-2192 2 ie OU RAO RS , 
35 |4-7105 Raw silk .../47:0 |10=0-0651 ,,  0-2323 ‘9 12 rte 3 SOOSO ,, 


_ Series F 4. Solution of Alum. 40 cubic centims. = 0°3985 Al? 03 and 1°2618 S04, that is 
100 A? 03 ; 316:38 S03 F, 


| 36 


7°2785 Wool .,..... 73 
| 37 


40 = 0:3655 Al? 03 and 1:225 SO3,thatis 100 A120 ; 335-16 SO$ 
6'°9350 Wool ......| 70 224 


40= 03690 4, 1:22 ‘ » 283170 ,, 


Series G. Experiments made with a solution of persulphate of iron, as nearly as possible 
neutral, proved that all three sorts of fibres took 4 permanent yellow dye, which was 
considered as a clear proof that they had taken up a basic salt. 


The conclusions that may be drawn from this summary are as 
follows :— 

From series A we learn :—That wool, silk, and charcoal weaken 
a solution of sulphuric acid by abstracting part of the acid, 
though to no great extent; that cotton, on the other hand, is 
without effect. (Chevreul found that cotton, by abstracting water 
from the solution, left the acid somewhat stronger.) 


{n the fresh solution, by evaporating, ignition, extracting with water, and 
ony LeeeRoraling and heating, a residue was found which answered to 
* Served to show whether free acetic acid or an acid salt of lead were 
present. 
+ In ammonia-alum, according to the formula, there are 316°65 SO* to 
100 AP O*; the slight deficiency of sulphuric acid was the reason for re- 
peating the experiments with another solution, 
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From B. That silk has the greatest attraction for indigo in 
solution in sulphuric acid, charcoal next, and wool next to 
that; and lastly, that cotton has some, though a very slight 
attraction for indigo under such circumstances. That, more- 
over, animal fibres and charcoal, besides the indigo, take up a 
small portion of sulphuric acid, which is not the case with cotton. 

From C. That a solution of the yellow prussiate of potash of 
the strength indicated is unaltered by digestion with fibres. 
(Chevreul says that, with a much larger quantity of water than 
is necessary for its solution, prussiate of potash does not unite 
with silk and wool.) 

From D. That more of the component parts of bitartrate of 
potash are absorbed by wool and silk (both raw and scoured) 
than by cotton; and that the remaining liquid contains a consi- 
derably greater amount of potash, as compared with the tartaric 
acid, than there is in the tartar itself; and that, therefore, prin- 
cipally tartaric acid, and very little or no potash, is taken up by 
the fibre. ; 

From E, That a solution of sugar of lead gives up part of the 
dissolved salt to wool and silk, but none to cotton. That, more- 
over, fibres of animal origin partly decompose the salt by abs- 
tracting from the solution more of the base than of the acid. 
(This is very often the case (see below) when certain salts are 
brought into contact with animal charcoal.) 

From F. That a solution of alum parts with a portion of the 
dissolved salt to wool and silk, but with very little, if any, to 
cotton; and moreover, that more of the alumina is taken up 
than of the sulphuric acid with which it is united: in all the 
experiments the quantity of alumina in the solution was slightly 
diminished, while that of the sulphuric acid was relatively some- 
what increased*. (Thénard and Roard were of opinion that 
alum was one of those salts which are indeed partly taken up 
from an aqueous solution by wool and silk, but without change 
in their constitution ; and moreover, they held that alum could 
be entirely removed again by washing.) 

Though the entire series of experiments A to F shows that 
cotton has less effect than wool and silk, that, in fact, it has 
little or no power of attraction (in the case at least of solutions 
of the degrees of concentration experimented with), this must 
not be held to contradict the well-known fact that concentrated 


* The decrease of base and relative increase of acid is indeed very slight ; 
but as it was found universally in all solutions in which fibres had been di- 
gested, we cannot but attribute a decomposing power to the fibres, though 
it must not be forgotten that the weakness of the solutions, and the imfiu- 
ence of temperature on the small quantities taken for analysis, rendered 
accurate estimation very difficult. 
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nitric acid, as well as strong caustic potash, act strongly on cot- 
ton by changing its chemical (as in the case of gun-cotton) or 
mechanical (as in the case of Mercerized cotton) constitution. 

We will, however, endeavour to draw more general conclusions 
from these experiments when we have considered the views and 
researches of other writers. 

Verdeil, as we have seen, lays great stress on the different 
behaviour of wool and silk on the one hand, and cotton on the 
other, towards mordants. He says, “ Wool and silk seem to 
possess a genuine affinity for dye-stuffs mixed with mordants ; 
while, in order to dye cotton, flax, &c., the dye must necessarily 
be made insoluble after it has penetrated the substance of the 
fibres.” 

It is indeed true that, in dyeing cotton, the mordant is almost 
universally applied first, and that then, when the base of the 
mordant has been fixed by the fibre, the dyeing process is pro- 
ceeded with ; while in the case of silk and wool, and especially 
the latter, there are dyeing processes in which the mordant and 
colouring matter are applied simultaneously. It is also unde- 
niable that common alum is often employed by itself in dyeing 
wool and silk; whereas, for dyeing cotton, the so-called neutral 
. or cubic alum, which parts with its base more easily, or the ace- 

tate of alumina, which is also easily decomposed, or other similar 
unstable compounds are preferred. 

With reference, however, to the distinction which Verdeil has 
thus drawn between the processes of dyeing fibres of animal and 
vegetable origin, it must not be forgotton that, in the so-called 
“ steam-colour-printing,” the mordant and colouring matter 
are applied simultaneously to the cotton fabric; and it will 
hardly be contended that the fixing of the dye in printing (albu- 
men printing of course excepted) is different in principle from 
that in dyeing. 

That common alum with which silk and wool has been im- 
pregnated is able to attract colouring matter from solutions and 
precipitate it on the fibres, depends not on the strength of the 
chemical affinity of those fibres for the colouring matter, but, as 
we have seen (see Table), on the fact that they become saturated 
with the alum, which cotton does not. It is said that in com- 
bination with animal fibres alum acts more powerfully on solu- 
tions of colouring matter, so as to form lakes, than it does when 
by itself or in company with cotton fibres. This assertion, how- 
ever, is false, though it has run through many handbooks that 
treat of the properties of dyes. 

It is said, for example, (1) that solutions of the blue dye of Cam- 
peachy wood* (the decoction, which alone is of practical import- 

* Persoz, Traité de impression des Tissus, vol. i. p. 530. 
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ance, and not the solution of the pure colouring principle) 
behave to an alum solution as to an acid, that is to say, they are 
turned yellow without any precipitate being formed; (2) that a 
decoction of Brazil wood is turned crimson-red on being treated 
with alum, but remains clear*; (3) that a decoction of cochineal 
is turned crimson-red by alum without any precipitate being 
formed}. Precipitates are, it is assumed, only produced when 
other causes effect the separation of the alumina, which, forming 
a flocculent precipitate, carries the colourmg matter with it. 

This observation is exceedingly defective. These three solu- 
tions, like many others, always form precipitates with alum, 
especially on being heated, if only the precaution be taken of 
adding a sufficiently small quantity of the latter. If a large 
quantity be poured in without proper precaution, it is true that 
only discolorations, similar to those above described, are produced. 
The solution of chloride of tin, which is often employed in the 
so-called “physic” of the silk-dyer in conjunction with baths 
of colouring matter, behaves similarly to alum, 

Finally, Maschke concludes that there is some sort of chemical 
affinity between animal fibres and colouring matter from the fact 
that such fibres are coloured by penetration. Against this con- 
clusion, however, the following objections may be urged. 

Dyers are aware that indigo dissolved in sulphuric acid (liquid 
blue) colours wool as well as silk without a mordant; but though 
this admits of no doubt, it nevertheless seems to have escaped 
observation, that if silk so dyed be steeped in water so long that 
the latter begins to pass off without being discoloured, and be 
then plunged for a further period of time in a large quantity of 
distilled water, it invariably, and, if the water be many times 
changed, completely loses all traces of colour. The same also is 
true of wool, though in that case the extraction of the colour is 
more difficult. 

A solution of cochineal and a decoction of Brazil wood dye 
silk and wool without a mordant; but here again the colour may 
be completely extracted from the latter by long-continued treat- 
ment with distilled water. 

It must, moreover, be remembered that the conclusion which 
Maschke and others draw from microscopic observation is pro- 

-bably unfounded. If in dyed silk and wool fibres there is no- 
thing to indicate that the colouring matter is located in any 
particular parts, such fibres appearing uniformly coloured through- 
out, the same is also the case with coloured sheets of glue. The 
clear dissolved glue, when mixed with coloured solutions of 
whatever strength, produces a clear gelatine, and on drying 


* Vitalis, Cours Elémentaire de Teinture. 
+ E. L. Schubarth, Elemente der Technischen Chemie. 
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appears to the microscope uniform throughout. A clear solution 
of gum behaves in precisely the same way. The observations of 
Mascehke only directly prove the power of animal fibres to absorb 
solutions of colouring matter. 

We now come to the decision of the question whether, under 
these circumstances, we are compelled to regard, or are justified 
in regarding, the union of all fibres with their dyes, whether 
with or without a mordant, as chemical. 

Persoz maintains that there is a group of phenomena well known 
to chemists,which possess great analogy to those in question,—the 
attraction, namely, of charcoal and other finely divided solid bodies 
for colouring matter and salts in solution. After detailing the 
discoveries which had been made up to the time of the appear- 
ance of his work on the power possessed by charcoal of attract~ 
ing and absorbing colouring matter (discoveries which have since 
been considerably extended), he nevertheless comes to the con- 
clusion that if a similar relation is to be assumed between fibres 
and the particles of colouring matter, then the existence of che- 
mical affinity must be denied; and that nevertheless there is an 
essential difference between the attraction of charcoal for salt and 
dyes in solution, and that of fibres for the same substances. He 
entertained a settled opinion that the colouring process affected 
only the surface of the fibre. This preconceived view compelled 
him to suppose the existence of a species of cohesion between 
solid bodies different from that between charcoal and dissolved 
colouring matter; and he supported this view on the alleged 
(and certainly erroneous) observation, that fibres (he does not 
say which), if they possessed altogether the same properties as 
charcoal, ought to deprive cochineal, weld, or madder baths of 
colour just as charcoal docs; whereas the contrary is the fact, 
since, he says, it is known that fibres well cleaned from foreign 
substances attract no colouring matter from solutions, whereas, the 
more fatty matter or metallic oxide adheres to the fibre, the easier 
does it take a dye. 

The behaviour of animal and vegetable fibres (well cleaned) 
towards “liquid blue,” and that of animal fibres towards decoc- 
tions of cochineal, Campeachy, and Brazil wood, have been 
mentioned; this, as well as the microscopic observations of 
Maschke, and even the experience of dyers, that madder, 
turmeric, yellow wood, and other colouring substances dye 
unmordanted and completely bleached cotton, clearly shows that 
the cleanest fibres do attract colouring matter. We will not, 
however, deny that a given weight of well-prepared animal 
charcoal can, as a rule, deprive a larger quantity of liquid of 
its colour than an equal weight of wool or silk: indeed, we 
can mention two complementary facts which throw a clear 
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light on the behaviour of these bodies to solutions of colouring 
matter. 

1. Wool and silk are unable to deprive a solution of ail its 
colour, as charcoal can; their effect only extends to a certain 
degree of dilution, beyond which the particles of colouring mat- 
ter resist their attraction. 

2. What we have already asserted concerning wool, and espe- 
cially concerning silk, namely, that dyes which they have taken 
without a mor dant maybe removed again by long washing in water, 
is not true in the case of charcoal, or only to a very slight degree. 

Both these observations show that the attraction of colouring 
matter for water is more completely overcome by charcoal than 
by animal fibre. 

Cotton, as we gather from the experiments above tabulated, 
has less effect than wool and silk on salts and colouring matters 
in solution; this, however, will not surprise us when we com- 
pare the structure of cotton fibre with that of wool and silk, and 
reflect that the latter substances, in consequence of their physical 
constitution, belong (as has been long known) to the class of 
strongly absorbent or hygroscopic bodies; that is, bodies which, 
in consequence of a certain porosity or looseness of their particles, 
swell up when moist, and become easily penetrated by a liquid 
throughout their entire mass. Similar to this (leaving the pe- 
culiar property of surface attraction out of the question) is their 
behaviour towards solutions, whether of salts or of dyes ; whereas, 
on the other hand, the cell-walls of cotton fibres are denser, and 
therefore less penetrable, and at the same time thinner, and there- 
fore unable to contain the same quantity of liquid. Finally, if 
it be contended that a fundamental difference must exist between 
fibres of animal and vegetable origin, because the effect of the 
latter is increased by a mordant base being united with them (by 
being rendered insoluble), then we must call to mind the expe- 
riments of Stenhouse, who considerably increased the decolorizing 
power of wood-charcoal by precipitatmg alum on it. With 
regard, therefore, to the power of diminishing the strength of 
solutions, whether of salts or dyes, we can only admit a distinc- 
tion between fibres and charcoal as to the degree, not as to the 
nature of their operation. 

Fibres, however, especially those of an animal origin, not only 
exert an attraction for the substances above mentioned, but they 
also possess the power of decomposing some of them. Is not 
this a proof of their chemical operation? We learn from nume- 
rous experiments, from the older ones of Payen, Bussy, Gra- 
ham, Chevalier, and more recently from Filhol*, Weppent, 


* Comptes Rendus, vol. xxxiv. p. 247. 
+ Ann. der Chem. und Pharm. vol. lv. p. 241. 
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Esprit*, Schénbeint, Guthet, Stenhouse §, notwithstanding 
many differences on isolated points, certain concordant results:— 

1. That the same charcoal produces a greater effect on one 
solution than on another. 

2. That charcoals of different origin and preparation may pro- 
duce very different effects. 

3. That charcoal takes up some salts from their solutions un- 
changed, but that it decomposes others, either attracting the base 
more strongly and leaving an acid or an acid salt, or reducing 
the base to a lower degree of oxidation. 

The reduction of bases by fibres immersed in solutions of me- 
tallic salts has not, as far as we know, been observed ; but the 
decomposition of a neutral into an acid and a basic compound 
occurs several times in the above Table of experiments. In this 
respect also the behaviour of the fibres is therefore very similar 
to that of charcoal. 

Putting together the conclusions which may be deduced, 
partly from the observations cited, partly from general consi- 
derations, we may regard it as proved :— 


A. With regard to the part of the fibre in which the colouring 
matter is deposited. 

1. The penetration of the fibres by the colouring matter is 
not so general as Verdeil and Oschatz suppose ; and the external 
adhesion of the dye cannot be regarded as an exception. 

2. The view of Persoz, that the colour of dyed fibre is due 
solely to superficial adhesion, is as little to be maintained. 

3. Silk and wool, in all cases where they have not been dyed 
with colours in a mere state of suspension, seem to be impreg- 
nated with the dye throughout their entire mass. 

4. Both these kinds of fibre, but especially the first (silk), are 
in many cases coloured, not only internally, but also by external 
adhesion. 

5. In the case of cotton, the penetration of the cell-walls by 
the dye is often wanting ; and when it occurs, it is generally only 
slight. By far the larger portion of colouring matter adheres to 
the surface of the fibre. 

6. W. Crum’s view, that in cotton fibres there are two parallel 
canals which contain the greater part of the colouring matter, is 
unfounded. In particular cases, however, the colouring matter 
does penetrate into and partly fill the internal space of the 
fibre. 


* Journal de Pharmacie, S. 3. vol. xvi. pp. 192 and 264. 
+ Poggendorff’s Annalen, vol. xxviii. p. 021. 

ft Archiv der Pharmacie, S. 2. vol. lxix.p. 121. 

§ Annalen der Chemie, vol, ci. p. 243. 
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B. With regard to the nature of the force which connects the 
fibre and the colouring matter. 

7. The attractive power of cotton for salts, diluted acids, &e., 
is in all cases less than that of wool and silk. That the former, 
however, has in any case the opposite effect to the latter is not 
proved. (Chevreul, Thénard, and Roard state that silk and wool 
weaken dilute sulphuric acid, while cotton, by abstracting the 
water, concentrates the acid.) 

8. There is no sufficient reason for accepting the view prin- 
cipally developed by Chevreul, that dyeing is a consequence 
of chemical affinity. Neither the experiments made by him, and 
before his time, on the power possessed by fibres of attracting 
certain bodies from their solutions, nor even the observations 
that have since been made, that certain fibres are coloured by 
penetration (infiltration), necessitate this view, to which indeed 
there are important facts directly opposed. 

9. Mordants act by producing insoluble colours (lakes). 
Their behaviour to colouring matter in solution must be ascribed 
to chemical affinity, with which, however, the fibres themselves 
have nothing to do. The so-called substantive dyes are those 
which become insoluble from some cause other than the addition 
of a mordant. 

10. The behaviour of fibres, whether towards dissolved salts 
or colouring matter, or towards both applied simultaneously or 
successively, belongs to that class of phenomena which results 
from the action of finely divided mineral or organic bodies (char- 
coal for example) on such solutions. The considerations which 
induced Persoz in his time to regard this view as inadmissible 
fail, because they rest on the hypothesis of a state of facts which 
subsequent research has shown to be incorrect. 


Postscript. 


Since the greater part of the foregomg treatise was printed, 
Nos. 7 and 8 for 1859 of the Journal fiir Praktische Chemie, 
von O. L. Erdmann and Werther, have come to hand. From 
the first of these two Numbers I became acquainted with 
a communication by Prof. Erdmann, “‘On the Operation of 
Mordants, especially Alum, in Cotton Dyeing.” I am obliged, 
if only for the sake of completeness, shortly to notice this trea- 
tise, which the able editor of this periodical has produced in con- 
junction with one of his assistants, Mittenzwey, and to make the 
following observations thereon. 

1, When, in the treatise, it is said “ the phenomena of dyeing 
have hardly ever been the subject of accurate scientific examina- 
tion,”’ the industry of preceding writers seems very much under- 
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estimated, as sufficiently appears from the foregoing short histo- 
rical summary. 

2. It must be attributed to an oversight that, in Erdmann’s 
essay, no mention is made of the experiment the particulars of 
which I communicated on a former occasion, “On the Dyeing 
of Amorphous Cotton*.” Mittenzwey has, it is said, investi- 
gated the behaviour of disorganized cellulose towards mordants 
especially alum, in order to decide the question “whether the 
structure of cotton fibres is essential to the process of dyeing, 
as is assumed in W. Crum’s theory among others.” This ques- 
tion is rightly answered in the negative, as, however, it had 
already been by myself as early as the spring of 1858+. The 
passage which touches on this subject is as follows :—“I can, in 
the present communication, only shortly mention that from this 
behaviourthe conclusion may be drawn, that the structure of cotton 
fibres has no connexion with their power of taking adye. This 
view, as is well known, is opposed to several theories which have 
been advanced concerning the dyeing process (to W. Crum’s for 
example).” 

3. The result, that cotton (amorphous or organized) neither 
unites with alum nor separates alumina nor a basic salt from it, 
is confirmed by my experiments on the behaviour of fibres 
towards that salt. 

4. In Erdmann’s treatise it is said, “An alum solution is 
chosen, not only because it is one of the commonest mordants, 
but especially because it is not decomposed by heat.” The last 
reason may stand; but to the first we must say that alum is by 
no means one of the commonest mordants employed in cotton-dyeing. 
On the contrary, the mordants employed, almost without excep- 
tion, in the operations of the cotton-dyer, are either the so-called 
neutral alum (that is, alum partly decomposed with soda), or 
acetate of alumina, or sulphate of alumina, or a soap-bath after 
alum, &c. This circumstance is indeed noticed in another part 
of Erdmann’s treatise; but then it is added, “ This explanation 
does not, however, serve (that is, the deposition of a basic salt 
from the aluminous mordant employed) when cotton is prepared 
for dyeing with a mordant of common alum, which does not yield 
any basic salt to the fibre, and which can be completely washed 
out again.” If, however, it never, so to speak, occurs in prac- 


* Ann. der Chem. und Pharm. vol. cvi. p. 235, and thence transcribed in 
O. L. Erdmann’s Journ. fiir Prakt. Chemie, vol. Ixxiv. p. 381. 

+ In support of this view, I have since, just as Professors Erdmann and 
Mittenzwey have done, mordanted and dyed with different decoctions 
of dye-woods, sulphate of baryta and other pulverulent mineral bodies, and 
exhibited the preparations at the sitting of the Zurich Society of Natural 
Philosophy. ; 
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tice that cotton is mordanted with common alum, nothing is 
gained, as far at least as concerns the theory of cotton-dyeing, by 
a statement of the behaviour of alum to solutions of colouring 
matter. In the foregoing treatise I have therefore adverted to 
this subject in connexion with wool- and silk-dyeing, in which 
relation it has not yet been considered, having, however, made 
the express reservation, that, in considering this subject, a colla- 
teral effect (the partial decomposition of alum by the fibre) must 
not be overlooked. 

5. The principal conclusion, that the colouring matter adheres 
only mechanically to cotton fibres, and that the fibre itself in 
dyeing is without any chemical effect, is correct. We have seen 
that Persoz, as well as previous investigators, were of the same 
opinion; and I observe that I myself, induced by observations 
of an entirely different nature, expressed it as my own in the 
little communication which I published in May 1858. Whoever 
is acquainted with the numerous and contradictory researches 
and theories that have been made on this subject by a long 
series of chemists, and regards the diversity of, and the difficulty 
of becoming acquainted with the phenomena which I have had 
to notice in the course of this work, will clearly see that a general 
theory of dyeing must be built on a broader foundation than the 
investigation “On the Operation of Mordants, especially Alum, 
in Cotton Dyeing.” 

If, however, a real promoter of science agrees with me in cer- 
tain observations which tend to the decision of the foregoing 
question, and, although proceeding on another course of investi- 
gation and induction, comes to the same conclusion on a prin- 
cipal point, this must assist all who take an interest in the sub- 
ject in coming to a decided opinion, and to myself can only be 
a source of satisfaction. 


LXXV. Observations on the Theory of Equations of the Fifth 
Degree. By James Cocke, M.A, F.R.A.S., F.C.P.LS. &0.* 
[Continued from p. 344.] 
70. { ep (1) and the 15-ic whose roots are the values of 
6, +6,+6, be written, respectively, 

et hie {ls DIO 2 prays. Wed 

and let the roots not common to (1) and (I') be written 
Bs=9,04+920;+03%6, %5=0,0,+ 8,0;+ 0506, 
B,=9,0g+ 903+ 9405, %,=0,0+ 0504+ 0,05, 
Ba=9,03+0,0¢+ 9405, %=0,0;+ 0,9, + 8,06, 
B3=9,0,+ 0.96 +0504, %3=0,0;+ 0,0, + 0,96, 
By=9,0.+ 0305+ 9406,  %=O,0, + O;0,+ 9,965 

* Communicated by the Author. 
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then these, which I call the @ and « patterns respectively, differ 
from the y pattern of art. 62 in this, that =@ and Es are not 
symmetric in 6. But we pass to other y patterns by the scheme 

* Ys O55 Bs Y5) Bs, asy 

Yi Sy Bi Bi; 45 Vp 

Yo. 4 Yor. %ay oe Bo, 

Ys Bs Bs 43, Y3, 3) 

Ya, Yao By Hq, 44, By 
each vertical column of which is such a pattern. In this scheme 
the interchange of @, and @, marks the transition from the first 
to the rth column, though in order of derivation from y, the 

third column has precedence of the second. 
71. We are thus conducted to a relation of the form 

DA Ns Ay Ae Bom LIZ. nF ockionuneetla) 


in which all the sinister factors are in the y pattern, and which, 
unless the course of calculation should exclude other patterns, 
must replace (k). 
72. Next, y is of the form 
PQE+ gQ?z? + rEz? + sQz' +4 ta, 
which, introducing 5* for convenience, collapses into 
54(aQE + bQ?z? + cE2’) ; 

hence, developing 

Ly=2.5°QE, Sy,yo=—2. 5!°Q2H? 
and reducing, we find 

a+sc=2, 

2a? + 12ac + be+15c? + 10=0, 
and, by the elimination of a, 

18—3c*?+be=0; 
but when Q=0, y=—2.54E2%. Consequently 

ec=—2; ., J=3, a=8, and 

y=54(229QE + 3Q22?—2Ez’), . . . « » (n) 

73. Mr. Harley has arrived at (n) by a direct process which 

affords an independent proof that y is a rational function of one 
root only. I ought to state that his calculations (not as yet 
printed) led me to correct my original values of a, 6, and c, and 
that he has actually calculated and carefully verified not only the 


quintic in y, but also a corresponding quintie which may be 
evolved from 7,74+T Tg + T3T5 OF tit, + lolg + tots. 
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74, M. Wantzel’s passage from 
D(Poudys «1s CD24, Voy a> )r. sc. se 


P(X, Uy». ) apy My+-) « » - = (2) 
tacitly assumes the whole question, viz. that the surd is a qua- 
dratic. The only legitimate inference from (1) is 


Ga), Zs. =e Ae ae a ee) 
where «—! is the inverse of «; and if the radical were an n-ic 
surd, we should have 


Alp, Lass.) =e" Ole Lin «,)1. see 
The assertion that n=2 must, if admitted, rest upon the 
ground* that the alternate function or function of differences is 
the only rational and unsymmetric function which has a prime 
power (namely its square) symmetric. It may be questionable, 
however, whether any test could exclude such an expression as 
S's) if! (a) +0 (ee) +P f(s) +0°P (ea) 
; SL" (@s) +P (@1) HA (@e) + f(s) +f (@a) 7 
in which f'(#,) is the function (e—2,)—1f(«), f(v)=0 being 
the given quintic. This expression is affected in value by inter- 
changes of the ’s, although always equal to some fifth root of 
unity: and there are other indications that, if a finite solution 
of the general quintic exist, the first radical in the order of cal- 
culation may be a quintic or other surd. 


4 Pump Court, Temple, London, E.C., 
November 9, 1859. 


to 


LXXVI. On the Polarization of Oxygen. 
By Professor ScHénBernt. 


My pear Farapay, 

Lys the summer gone by I have been rather active in 

my laboratory, and trust my doings will not have been 
quite useless. I have continued to work upon what I have called 
“the chemical polarization of neutral oxygen,” of which subject 
I communicated to you something in my last letter; and from it 
you will recollect that during the slow combustion of phosphorus 
and ether, as well as the electrolysis of water, both kinds-of 
active oxygen (® and Q) make their appearance, the former in 
the shape of HO+@. Having these many years considered the 


* We are in fact remitted to the argument of Abel, or rather to that 
argument as propounded by Sir W. Rowan Hamilton, who has pointed to 
a defect in Abel’s proof that every radical is a rational function of the roots. 

+ Communicated by Professor Faraday. 
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gradual combustion of phosphorus as the type of all the slow 
oxidations which inorganic and organic bodies undergo in moist 
atmospheric air or pure common oxygen, I suspected that the 
peroxide of hydrogen might be produced, if not in all (from 
secondary reasons), at least in a great number of cases, and 
directed therefore my attention first to the slow oxidation of the 
more readily oxidable metallic bodies. My conjecture proves 
correct, as I have already found that half a dozen of the metals, 
during their slow oxidation, give rise to the formation of very 
appreciable quantities of HO?, as you will perceive from the 
following statement. To detect with full certainty small quan- 
tities of that compound, I required in the first place proper (7. e. 
most delicate) tests for HO, and I fully succeeded in finding out 
more than one of that description ; in corroboration of which I 
may tell you that by means of them I am able to detect the 
millionth part of the said peroxide contained in water, and even 
less. These tests depend upon the oxidizing and reducing 
effects produced by HO? upon certain substances. Dilute paste 
of starch containing some iodide of potassium, if it be mixed 
with water containing but half a millionth of HO*%, is within 
a very short time coloured dark blue on adding some drops 
of a weak solution of any proto-salt of iron to the mixture. 
The dilute solution of HO?, slightly acidulated by SO%, dis- 
charges the red colour of an acidulated solution of the per- 
manganate of potash (by reducing the acid of that salt to the 
protoxide of manganese). HO®, even in a most dilute state, 
throws down prussian blue from a mixture of most dilute 
solutions of the red cyanide of potassium and any persalt of 
iron (by reducing Fe? 0? to FeO). Most dilute HO®, coloured 
blue by some indigo solution, is rapidly discoloured on adding 
some drops of a dilute solution of iron vitriol tothe mixture. A 
dilute solution of chromic acid is certainly a less delicate test 
for HO? than those mentioned; but its property of being 
coloured azure-blue by water containing but gg¢apth of HO?, 
makes it in many cases a valuable and practical test, which I 
always use when I have to deal with water somewhat rich in HO* 
Now by means of these tests I have of late ascertained that, 
during the slow oxidation of zinc, cadmium, lead, tin, bismuth, 
and copper (effected by moist common oxygen or atmospheric 
air), perceptible quantities of HO? are always formed conjointly 
with the oxides of those metals. To produce HO®, some of the 
metals, in a state of mechanical division, as zinc, cadmium, 
and lead, have only to be put in contact with pure water and 
atmospheric air for a very short time; but I find it more conve- 
nient to amalgamate first the metals with mercury. ‘Take, for 
instance, 100 grms. of zinc-filings and the same quantity of 
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mercury, put them into a tumbler filled with dilute sulphuric 
acid, stir up the metals with a glass rod, and you will soon have 
a grossly-powdered amalgam. Now, after having washed that 
metallic mixture with water, put it loosely into a funnel placed 
upon a bottle; let a very thin stream of distilled water run over 
the amalgam, and by means of dilute paste of starch contain- 
ing iodide of potassium, you will detect peroxide of hydrogen 
in the water which has passed (in the manner indicated) only 
once over the amalgam, if you add to a mixture of both some 
drops of a solution of iron vitriol, &e. If you shake for a few 
seconds the said amalgams together with air and 100 grms. of 
distilled water, the latter will have the property of striking a 
blue colour with the paste of starch on adding to it a couple of 
drops of a dilute solution of any protosalt of iron. 

Water containing 1 per cent. of SO%, under the same cireum- 
stances produces more HO? than pure water does. You may 
satisfy yourself with one instance. Take 100 grms. of a still 
liquid amalgam of lead, shake it with 100 grms. of the mentioned 
acidulated water and atmospheric air for from 5 to 6 minutes, 
separate by filtering the sulphate formed from the water, add to 
the latter some drops of a dilute solution of chromic acid, and 
the liquid will be transiently turned azure-blue,—a proof of the 
presence of HO*®. If you shake one volume of the said acidu- 
lated water, two volumes of pure ether, and some drops of a 
dilute solution of CrO® together, the ether assumes a still deeper 
blue colour: the same acidulated water of course discharges 
the colour of the permanganate solution. In saying so much 
about this matter, I must not omit to add that the quantity of 
HO? formed under the circumstances soon reaches its maximum, 
which does not go beyond zg55th of the quantity of acidulated 
water employed. The reason of this fact is obvious. I shall 
not enter into any more details on the subject, hoping soon to 
find an opportunity of sending you a paper containing all the 
particulars about this highly interesting formation of HO*. 
From the facts above stated, and others not mentioned, I am 
led to conjecture that all the slow oxidations which take place in 
the moist atmospheric air depend upon what I call “the chemical 
polarization of neutral oxygen,” i. e. that this act always pre- 
cedes that of real oxidation. The oxidable matter being eager 
to combine with O, and water with © to produce HO+0, de- 
termine that mysterious polarization of O in a similar manner as 
HO? is sometimes decomposed if placed between two substances, 
one of which attracts the oxygen, the other the hydrogen of that 
compound. But, be this as it may, the fact is now certain, 
that in a number of cases of slow oxidation, the counter- 
part or antipode of © makes its appearance in the shape of 
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HO+8®, and that the latter compound also acts an important 
part in these slow oxidations. I am inclined to suspect that the 
chemical polarization of O is deeply concerned in animal respi- 
ration and many other chemical actions gomg on in nature; but 
I will not yet talk about these matters. 
Your most attached Friend, 
Basle, October 26, 1859. C. F. ScHonBEINn. 


. 


LXXVII. Blowpipe Experiments. By R. Bunsen*. 


lean lamp invented by Bunsen, in which gas is burned with- 
out luminous or fuliginous flame, can be used to produce 
all the reactions for which the blowpipe is usually employed, and 
with greater ease and certainty. In many cases reactions can be 
obtained, and even the approximate quautity of substances deter- 
mined, which with the ordinary blowpipe are either impossible, 
or can only be effected by difficult and tedious processes. 

Fig. 1 represents the blowpipe lamp. A conical iron-plate 
chimney, 30 millims. wide at the top and 55 millims. at the 
bottom, is so fixed on the supports aaa, that the tube of the 


Fig. 1. Fig. 2. 


€ 


a 


/ | 
[\ 


burner 4 is in the axis of the chimney, and terminates 45 millims. 

below the upper aperture. By this arrangement the flame has 
* Slightly abridged from Liebig’s Aunalen, Sept. 1859, by Dr. E. Atkinson, 

Phil. Mag. 8. 4. No, 123. Suppl. Vol. 18. 21 


514 M. R. Bunsen’s Blowpipe Experiments. 


the form represented in vertical section, fig. 2: ab a corresponds 
to the dark part of the ordinary luminous flame, and contains 
the unburned gas mixed with air. By arranging the supply of 
gas so that the point d is exactly level with the upper aperture, 
a flame is obtained of unvarying dimensions, which does not 
flicker, and may at all times be obtained. a dab is the burning 
cone of the flame, and is so little luminous as to be scarcely per- 
ceptible. In this cone the external mantle adac may be di- 
stinguished from the internal mantle ac ab, by being of a more 
intense blue. The holder (fig. 3) serves to hold the test speci- 


Fig. 3. 


mens, which must not be larger than a millet grain, and to 
expose them to the action of the flame. In the two tubes aa, 
which are lined with cloth, two glass rods, 6 4, bent at pight 
angles, move up and down. On the ends of the rods are two 
glass tubes, c, drawn out to solid ends; in these are fused 
platinum wires about 0°145 millim. thick, bent at their extre- 
mities to fine loops. To allow the glass tubes to be firmly fixed, 
and yet to move freely, a silk thread, provided with a knot, is 
introduced, which acts like a spring. An aperture is made 
in the tube through which the thread passes. 

The temperature of the flame depends mostly on the composi- 
tion of the gas. This exhibits considerable discrepancy, as is 
seen from the following analyses of the Heidelberg gas, executed 
by Professor Landolt at different times :— 
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If II. Ill. Va 

Hydrogen . . 39°30 41°04 44:00 41°37 
Marsh-gas . . 4056 40°71 38840 38°30 
Carbonic oxide . 4°95 7°64 5°73 5:56 
Elayle... . . 404 5:10 4°13 5:00 
Ditetryle: ss db 2°18 314 43.4. 
Nitrogen. . . 8:00 2°75 4023 5:43, 
Carbonic acid . 0-00 0°58 0°37 0:00 

100-00 100°00 100-00 100-00 

The temperature of the flame, calculated from its composition, 
gives the following results :—2369° C.; 2252°C.; 2391° C.; 
2386°C. The differences are comparatively inconsiderable ; and 
the temperature may be taken at 2300° C. But this temperature 
is not everywhere the same, and is only obtained where the gas 
meets with just the right quantity of air necessary for its com- 
bustion. This point may be ascertained by the following experi- 
ment, which is an application of the principle of Bunsen’s pho- 
tometer. A small partially stearinized photometric diaphragm 
of drawing-paper is placed as a shade on one of the holders cc, 
fig. 3; and the end of the platinum wire, bent at right angles 
about 4 millims. from the end, is made incandescent in the 
flame. By this the diaphragm becomes so strongly illuminated, 
that the part not stearinized appears dark on a white ground on 
the side away from the lamp. If this side be also illuminated, 
and with a light as constant and as distant as possible, so that 
the dark part upon the light ground just disappears, and if the 
wire, which is to be kept ignited to the same length, be moved to 
another part of the flame, it will be readily seen whether the 
temperature of this place is greaier or less than that first ob- 
served ; for in the former case the spot on the diaphragm will 
appear dark on a light ground, and in the latter light on a dark 
ground. By trying in this manner the different parts of the 
flame, it will be found that the hottest part of the flame is in a 
zone of the exterual mantle ad ac, which extends a few milli- 
metres above and below the diameter of the flame at b. This 
region, which may be called the melting-space, is used to deter- 
mine the deportment of bodies at the temperature 2300° C. The 
external edge of this melting-space acts as an oxidizing flame, and 
the internal as areducing flame. The latter is most powerful just 
below the point d. 

The great constancy of the flame permits it to be used for de- 
termining the volatility of bodies at 2300°C. This is effected 
by melting on the platinum wire as much of the substance to be 
tested as will form, when seen under the microscope, a bead of 
1 millim. in diameter : with a little practice this is very easy. The 
bead is then introduced into the flame, and the seconds which 


212 
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elapse until it has quite evaporated, counted by means of a pen- 
dulum or metronome. This point is so generally marked by a 
sudden alteration of the flame as to be determinable to half a 
second. 

Taking the volatility of carbonate of soda as unity, we may 
compare with it the volatility of equal bulks of other substances. 
If ¢, be the time required for the evaporation of carbonate of 
soda, and 4), ¢,,¢,.... that required for the evaporation of other 
substances, we obtain the values 8, a é vient as approximate 
measures for their volatility. Thebes 

The following determinations of volatility will illustrate the 
use to which they may be applied in geological chemistry, more 
especially if the balance be used, as is necessary in very accurate 
determinations :— 

Sulphate of soda... 077 
Sulphate of lithia . . . 0°89 
Sulphate of potass . . . 1°21 
Carbonate of soda . . . 1:00 
Carbonate of lithia. . . 170 
Carbonate of potass . . 2°30 
Chloride of sodium... 6°57 
Chloride of lithium. . . 836 
Chloride of potassium. . 15°33 
Buraciladid 4). Hea eis - OSs 
Borate of soda . . . . 1:02 
Phosphoric acid. . . . 23:00 
Bibasic phosphate of soda. 0°12 

All these substances are completely volatile at 2300° C. 
Other substances lose a constituent, and leave a non-volatile 
residue—such as the sulphates of baryta, strontia, and lime, 
which lose SO®, and become alkaline. The corresponding chlo- 
rides are converted in an analogous manner into basic com- 
pounds. The silicates rich in alkalies lose considerable quan- 
tities of potash and soda at 2300° C., at a temperature therefore 
much less than that of many lava-streams. 

Besides these determinations of volatility, the flame can be 
used for many valuable blowpipe experiments, among which is 
the quantitative determination of soda in the presence of lithia 
and potassium. 

For the qualitative determination of soda in its volatile salts, 
it is enough to hold a small bead im the melting-space, and to 
illuminate with it a crystal of bichromate of potass. When the 
rays of the soda-flame are incident on this salt, it appears per- 
fectly colourless, transparent, end with an adamantine lustre. 

But the following reaction is more delicate, and better suited 
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to approximative quantitative determinations. A piece of paper 
about a centimetre square is coated with red iodide of mercury, 
and placed upon a small holder d (fig. 1), which is moveable on 
an arm ¢, also moveable, attached to the chimney. When the least 
quantity of soda is introduced into the melting-space of the flame, 
the red iodide becomes white with a faint tinge of fawn colour. 
Potass, lithia, and lime do not prevent this reaction. 

If the soda is dissolved in water, the experiment is made as 
follows. The capillary platinum wire d, fig. 3, is bent to a loop, 
and this is beaten out so as to form a small ring. If this be 
dipped in the solution, and evaporated without boiling in the 
neighbourhood of the flame, as much solid substance remains as is 
necessary for the reaction. With solutions of various degrees of 
concentration, the time during which the change of colour is ob- 
served is proportional to the concentration of the liquids. With 
the same quantity of chloride of sodium diluted with 1, 2, and 
4 parts of water, the duration of the change of colour was 1, 2, 
and 4 seconds, The reaction is extremely delicate. To deter- 
mine its limit, C-1865 grm. of salt were mixed with measured 
quantities of distilled water, and, each time, 2 milligrammes 
of the solution evaporated and exposed in the flame. When the 
quantity of water had reached 1 kilogramme, the reaction was 
still quite distinct ; ->4)7 of a milligramme of chloride of sodium 
may thus be detected without difficulty. 

To detect potass compounds in the presence of soda, Cart- 
mell’s* reaction may be used. As Cartmell has observed, all 
substances which make flame luminous, and especially all organic 
substances which burn with separation of carbon, give the same 
violet colour, and must hence be first removed by heat. 

Cartmell detected lithia in the presence of soda and potash, 
by comparing the mixed colour of the flames of those bases with 
that of the flame of pure potash, when both are viewed through 
an indigo solution. Bunsen has found that the discrimination 
of these bases in presence of each other is more easily effected by 
observing the succession of changes of colour which the mixed 
flame produced by these substances experiences when the rays 
reach the eye after passing through gradually thicker layers of 
an indigo solution. For this purpose a hollow plate-glass prism 
is used, filled with indigo solution: it is 40 millims. high, and 
its principal section is a triangle with two sides of 150 millims., 
and the other of 35 millims. The indigo solution is made by 
dissolving 1 part of indigo in 8 parts of fuming sulphuric acid, 
diluting with 1500 to 2000 parts of water, and filtering. 

In the following experiments the prism was moved horizon- 
tally before the eye, so that the rays of the flame always passed 

* Phil. Mag. vol. xvi. p. 328, 
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through gradually thicker layers of the medium. The alkaline 
substances, brought singly into the melting-space, exhibited the 
following changes :— 

1. Chemically pure chloride of calcium produces a yellow flame, 
which, even with very thin layers of the indigo solution, passed 
through a tinge of violet into the original lamp flame. 

2. Chemically pure chloride of sodium, the same. 

3. Chemically pure carbonate or chloride of potassium appears 
of a cerulean blue, then violet, and at last of an intense crimson 
red, even when seen through the thickest layers of solution. 
Admixtures of soda or lime do not hinder the reaction. 

4. Chemically pure carbonate or chloride of lithium gives a 
carmine-red flame, which, with increasing thickness of the 
medium, becomes gradually feebler, and disappears before the 
thickest layers pass before the eye. Lime and soda are also 
without influence on the reaction. 

As of all lithium compounds the carbonate and chloride give 
the most intense coloured flame, it is only necessary to mark on 
the prism the place at which lithia disappears, to obtain a 
space above this mark which transmits red potash rays, but 
never red lithia rays. 

5. Lithia with an admixture of potash is detected by bring- 
ing a sample into the melting-space, and comparing its flame 
with that of a sample of pure potash placed side by side with it 
in the melting-space. With thin layers of the solution, the 
lithia flame appears redder than the pure potash flame; with 
somewhat thicker layers the flames are equally red, if the propor- 
tion of lithia to potash be very small ; if the lithia be in excess, 
the intensity of the red lithia flame sensibly diminishes with 
thicker layers, while the red flame of potash is scarcely weakened. 
In this manner a few thousandths of lithia may be detected im the 
presence of potash. Soda has almost no influence on the reaction. 

These reactions are readily applicable with volatile salts, but 
with silicates it is often difficult to detect 3 or 4 per cent. of these 
alkalies. The reactions may, however, be applied to the silicates, 
by heating them in the melting-space with pure gypsum, by 
which there is formed silicate of lime, and a volatile alkaline 
sulphate which imparts a colour to the flame. If the reaction 
of a specimen both before and after the addition of gypsum be 
compared with a standard series of silicates the proportion of 
alkali in which is known, the various alkaline silicates (for in- 
stance, the members of the felspar family) may not only be 
recognized, but the relative quantity of potash, soda, and lithia 
approximatively determined. 

The process adopted in these cases will be most readily un- 
derstood by an example. Bunsen selects the discrimination of 
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the following minerals :—Orthoclase, and its varieties Sanidine 
and Adularia, Leucite, Labradorite; Albite and Oligoclase, 
Anorthite, Nepheline, Hauyne, and Lasurstein ; Petalite, Lepido- 
lite, and Triphane. These are divided into two groups—those 
containing lithia, and those in which it is absent. It is first 
ascertained to which group the sample belongs, by exposing it 
with gypsum in the melting-space side by side with a specimen 
of pure potash, aud viewing the two flames through the indigo 
prism. lf the sample contains lithia, its flame at that part of 
the prism at which the soda colour vanishes, appears red against 
the cornflower-blue of the potash. With thicker layers of in- 
digo the red of the lithia gradually lessens in intensity, while 
the cornflower-blue of the potash passes through violet into red, 
which, with a certain thickness of the indigo layers, is quite like 
the colour of the lithia. If no lithia is found, the sample be- 
longs to the first group, in the other case to the second. 

The individual minerals of the first group are recognized by 
comparing them with each other according to their relative pro- 
portions of potash and soda. A standard series of felspathic 
minerals is selected, and arranged according to the soda they 
contain. Bunsen uses the following series, and distinguishes 
them by the numbers placed over the analyses :— 


2 2. 3. 4. 5. 6. 7. 8. 

Lasur- Ortho- |Sani-| Labrado- | Anor- | Leu- 

stein. Nepheline. Albite.| clase. |dine.| rite. thite. | cite. 
NaO 9-09 15-44 | 10:06} 708 | 4:0 2°55 | 1:13 
re scteee co aa (eee 703 | 8-0 1:06 | 0°62 | 22 
Maetae ol ek deaths, cil, Je 034] vi. | 033] 0:97 
CaO 3°53 Ded 7 ol pceiss 0-48 | 10 12:02 | 17:22 

MnO E 

MnO |... { “a os} 0-65 | 0-25 
Fe? 03 |FeO0-86 | sia... 095 | 0:63 | 0-6 FeO 0-66! 1:50 
Al? 08 31°76 °33°28 | 18°65 | 1999 |18°5 34-66 | 80°50 | 23 
$i 08 45°50 44:03 | 67°75 | 63°19 |66°6 48°62 | 48°75 | 54 
So? 5°89 
Cl 0-42 
Ss 0-95 


HO 0-12 PZT Bere. O38e] Arh 0°49 


These silicates are heated, powdered, and arranged according 
to their numbers, in small bottles. If one of these standard 
silicates and the sample to be tested, either with or without 
gypsum, be simultaneously placed side by side in the melting- 
space, so that, besides the tests themselves, small but equal 
lengths of the platinum wire are ignited, the iodide of mer- 
cury paper before the flame appears more or less bleached. 
If the sample be now removed from the flame, and the paper 
exhibits a distinct passage to red, the sample contains more 
soda than the standard silicate. If the paper is whiter, the 
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reverse is the case. By ascertaining in this manner between. 
what two of the silicates the reaction falls, the proportion of 
soda can be approximatively determined to a few per cents. 
Certain precautions must not be neglected: the test specimen 
and the standard silicate must be as nearly as possible equal ; 
the lengths of wire in the flame must also be equal; but above 
all, the eye must be accustomed to distinguish the different 
brightnesses of the same tint, from the changes in colour, which 
are very different. Inasmuch as the eye is not susceptible 
enough for the more intense bleaching of the iodide of mereury 
paper, in cases where the bleaching is intense the paper must be 
il'uminated so strongly by the flame of an ordinary candle, that a 
colour nearer to the red, but at the same time white, is produced. 
There is no quantitative blowpipe test for potash so accurate 
as that for soda. It is enough for all purposes to distinguish a 
slight, a strong, and a very strong potash reaction ; for which 
purpose the flames produced by oligoclase, orthoclase, and leu- 
cite may be used. The sample to be tested for potash along 
with some gypsum is placed side by side in the melting-space 
with one of the standard potash silicates, to which gypsum is 
also added, and the flames viewed through the indigo prism. 
The sample containing more potash is distinguished by greater 
dimensions, more intense colour, and longer duration of the 
flame, as well as by the occurrence of the blue and violet colour 
in thinner layers of the solution. The following is a scheme of 
the behaviour of the above-mentioned standard silicates :— 
Without gypsum. With gypsum. 
Lasurstein 1 { NaO: 1 more than 2. NaO: 2 more than 1. 


Nepheline 2 |KO: not to be detected.| KO: both very feeble and equal. 
1 and 2 fusible. 


Nepheline 2 { NaO: 2 more than 3. NaO : 2 more than 3. 
Albite 3 | KO: not to be detected.| KO: 2 more than 3. 
2 and 3 fusible. 
Albite 3 { NaO: 3 more than 4. NaO: 3 more than 4. 
Orthoclase 4 | KO: not to be detected.}| KO: 4 stronger than 3. 
3 and 4 fusible. 


Orthoclase 4 {f NaO: 4 more than 5. NaO: 4 more than 5. 

Sanidine 5 |KO: not-to be detected.| KU: 5 scarcely more perceptible 
4 and 5 fusible. pn Sh 

Sanidine 5 f NaO: 5 more than 6. NaO: 5 more than 6. 


Labradorite 6 | KO: not to be detected. | KO: 5 more than 6. 
5 fusible to a bead. 
6 fusible on the edges. 


Labradorite 6 { NaO: 6 more than 7. NaO: 6 more than 7. 
Anorthite 7 | KO: not to be detected.| KO: scarcely to be detected. 
6 fusible at the edges. 6 more than 7. 


7 fusible to a globule. 

Anorthite 7 { NaO: 7 about equal to 8.) NaO: 7 more than 8. 

Leucite 8 | KO: not to he detected.| KO: 7 scarcely to be detected. 
7 fusible to a globule. 8 yery strong. 
8 infusible. 
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The reason that lasurstein, which only contains 9 per cent. of 
soda, gives a stronger soda reaction than nepheline, which con- 
tains 15 per cent., is that it already contains sulphuric acid, 
and cau therefore only be compared with silicates containing no 
sulphuric acid when these are fused with gypsum, when, as is 
seen from the Table, the anomaly disappears. As sulphuric 
acid, by giving rise to the formation of volatile sulphate, renders 
the reaction more delicate, it is first necessary to ascertain 
whether it is present. This is effected by fusing a sample with 
soda in the reducing flame, letting it cool in the dark part of the 
flame, and then testing it on polished silver. 

In testing a sample a splitter is brought into the flame, and 
by the intensity of the bleaching of the iodide paper the place is 
approximatively determined. ‘To come nearer to the number, a 
lighted candle is approached to the iodide paper, and the 
distance observed at which the bleaching passes into red. The 
nearer the candle can be placed, the lower in the series is the 
silicate. With lasurstein, the candle can be brought within 2 
or 3 inches without producing red. After this preliminary test, 
two, or at most three, comparative observations will show the 
place of the silicate. 

Lithia silicates must be tested for separately. The above soda 
scale cannot be used, as the lithia flame gives rays which 
redden the iodide paper: this is not the case with potash. 

Lithia silicates can only be compared amongst themselves ; 
and lepidolite, petalite, and triphane are best used as reagents. 
Their deportment is as follows :— 

1 a. Lepidolite—Fasily fusible. In the oxidizing flame yel- 
lowish red to the naked eye; im the reducing flame and the 
melting-space yellow ; with the indigo prism a strong, and with 
gypsum a still stronger lithia reaction ; tolerably strong potash 
reaction, still stronger with gypsum and the prism. ['eebler 
soda reaction than 2a and 3a. The varieties richer in fluorine 
often give a stronger soda reaction than 2 a4 and 3a. 

2a. Petalite.—Pretty readily fusible with intumescence ; no 
potash reaction ; feeble soda reaction; with gypsum stronger 
than 3 a, and feebler than 1 a. Otherwise like lepidolite. 

3a. Triphane.—Fuses without intumescence. Only with 
gypsum a feeble soda reaction, which is feebler than 2 a. On 
the other hand, a stronger lithia reaction than 2a: otherwise 
like petalite. 

The proportion of alkalies in these silicates is as follows :— 


Lepidolite. —_ Petalite. Triphane. 
Lithia. 2°41 3°30 547 
Soda . 0°71 LI9 0-46 


Potash. 8°60 BS O-L4 
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LXXVIII. Further Remarks on Parabenzole, and on the Isomers 
of Turpentine. By Axvuur H. Cuvurcu, F.C.S.* 


ULPHOBENZOLATE of ammonium, C!? H®, NH4, 2803, 
when submitted to dry distillation, yields (among other pro- 
ducts which I have not examined) sulphate of ammonium, sul- 
phobenzole, sulphophenylamide, and benzole. The proportion 
of benzole thus obtained is very considerable : one experiment, 
in which 200 grammes of sulphobenzolate of ammonium were 
distilled, yielded nearly 60 grammes of benzole. The hydro- 
carbon thus regenerated contains sulphurous acid and other im- 
purities, from which it may be freed by agitation witha strong 
solution of hydrate of potassium. The benzole thus purified has 
the exact boiling-point + (80°8) of the original hydrocarbon used 
in the preparation of the sulphobenzolic acid; in every respect 
also it is precisely identical with pure benzole. 
Sulphoparabenzolic acid, which is produced when parabenzole, 
a hydrocarbon occurring in coal-naphtha, is treated with fuming 
sulphuric acid, yields a series of salts which, although isomeric 
with those of sulphobenzolic acid, differ from them considerabl 
in physical properties. I have already described{ the hydro- 
carbon itself (it boils at 97°-5), the sulphoparabenzolic acid, and 
several of its salts. I have now submitted pure sulphoparaben- 
zolate of ammonium to distillation with the following results. 
The salt under the influence of a high temperature behaves ex- 
actly like the sulphobenzolate ; it fuses, evolving water and a 
white vapour, which rapidly condenses to a yellow sohd in the 
neck of the retort. Afterwards a colourless liquid comes over, 
which, purified by hydrate of potassium and by metallic sodium 
and then redistilled, was found to be pure parabenzole, boiling 
at 97°°5. Not only was its boiling-poimt thus separated from 
that of benzole by an interval of 16°:7, but its odour was unmis- 
takeably different ; and it withstood a cold of —20° without the 
least symptom of crystallization. The amount of material at my 
disposal was too small to allow me the means of learning whether 
the other products of this decomposition are distinct from those 
obtained by distilling the ordinary sulphobenzolate of ammonium. 
The regeneration of parabenzole just described may be regarded 
as a fresh proof of the essential difference between the sulpho- 
derivatives of benzole and those of parabenzole, while it shows 
that the difference between the hydrocarbons themselves is more 
profound than is generally the case with similar isomers. Take 
for instance the hydrocarbons isomeric with ordinary turpentine. 
This liquid boils at 160°; terebene, a really distinct modification 


* Communicated by the Author. 
+ Phil. Mag. [4] ix. 256. } Ibid. xii. 415. 
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of it (being without action on polarized light), boils at the same 
point. 

The hydrocarbons which constitute or accompany the essences of 
Athamanta, birch, Borneo camphor, wintergreen, juniper, parsley, 
savine, thyme, and valerian, together with tolene from balsam of 
Tolu, have the composition of oil of turpentine, and boil at the 
same temperature, 160°. To this list must be added the hydro- 
carbon from oil of anise, which, when freed from the last traces 
of the oxygenated essence by distillation off sodium, boils steadily 
at 160°, and seems to resemble oil of turpentine very closely, 
although it has somewhat of the odour of lavender. It is most 
probable that many of the oils just enumerated are actually 
identical with ordinary turpentine. 

Besides these twelve oils from different sources, which are 
either isomeric or identical with turpentine, there are at least six 
other oils of the same composition which boil at or near 175°. 
These are the hydrocarbons from camomile, caraway, citron, 
elemi and rosemary, and also a modification of turpentine known 
as isoterebenthene. If the boiling-poimt (148°) assigned by 
Ettling to the turpentine of clove-oil be correct, we have repre- 
sentatives of three classes of isomeric turpentines, the boiling- 
points of which exhibit very singular relations. One class of 
these hydrocarbons, obtained from seven sources, has a boiling- 
point of 175°; a second class from thirteen sources, one of 160°; 
and we perhaps possess a third class, represented by one member 
at present, which boils at 143°. The difference between the 1st 
and 2nd class is thus 15°; between the 2nd and 8rd 17°. It is 
remarkable that nearly the same difference (16°°7) occurs between 
the boiling-points of parabenzole and benzole. 

An observation which I have lately made tends to show that 
this coincidence is not merely accidental. On fractionating a 
portion of coal-naphtha, which, after purification with sodium, 
had distilled over in the 4th rectification between 115° and 125°, 
I noticed that ;sths of the liquid passed over between 119° and 
120°. On repeating the operation, the boiling-point of this 
portion was constant at 119°-5. Butyle, C® H9, C*°H9, has been 
ascertained by Mr. Greville Williams to boil at this temperature ; 
and I at first suspected the liquid under examination to be that 
substance. But the liquid boiling at 119°°5 dissolves perfectly 
in cold nitric acid, yielding a compound apparently identical with 
nitrotoluole: again, when it is treated with fuming sulphuric 
acid, diluted with water, and then saturated with carbonate of 
barium, it yields a difficultly erystallizable barium salt, econtain- 
ing the same per-centage of barium as the sulphotoluolate of that 
metal. I hope to examine this hydrocarbon more thoroughly ; 
in the meantime I would hazard the conjecture that it stands to 
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toluole in the same relation that parabenzole does to benzole,—a 
suggestion which becomes more probable on referring to the 
boiling-points of these hydrocarbons— 
Benzole. Parabenzole. Toluole. Paratoluole (?). 
80°8 + 16°7 = 97°°5 103°-7 + 15°8 = 119°5: 

The boiling-point of 103°-7 assigned to toluole has been lately 

confirmed ; and if on further examination the hydrocarbon boil- 
ing at 119°°5 should be found to be an isomer of toluole, the 
discrepancies in the boiling-points assigned to this body will be 
explained ; for the analysis of fractions of coal-naphtha boiling 
between 104° and 121° has been found by several experimenters 
to give numbers exactly according with the formula C¥ H®. 

Now that the ordinary alcohol radicals have been detected in 

various naphthas, it is not unreasonable to expect the occurrence, 
in similar produets, of the radicals phenyle, toluenyle, &e., and 
also of such hydrocarbons as methyle-phenyle, butyle-phenyle, 
&e. :— 

Benzole. Butyle. Phenyle. Butyle-phenyle. 
OP Hein C? Ho Ca CY He Ch Be Ch Cae 
Lincoln College, Oxford, 

November 21st, 1859. 


LXXIX. On the Luminous Effects produced by the action of 
Light upon Bodies. By M. Eymonp BecqurruL*, 


SG? long ago as 1842, M. HE. Becquerel occupied himself with 

researches on the action of the solar spectrum on different 
sensitive bodies, and published several new facts with respect to 
phosphorescence by insolation. The new memoir which bears 
the above title occupies the whole of last January’s Number of the 
Annales de Chimie et de Physique, on which account we must 
here limit ourselves to a statement of the more important facts 
therein contained, and to a textual reproduction of the author’s 
own conclusions. 

After having ina preliminary chapter recapitulated the several 
facts hitherto established, and shown that the effects to which 
the term phosphorescence is applied do not arise from chemical 
action, but from essentially physical modifications—ain short that 
they depend upon variations of equilibrium in the molecular con- 
dition of bodies,—M. Beequerel reviews successively the several 
mineral and organic substances capable of becoming self-lumi- 
nous after having been exposed for some moments either to the 
action of diffuse solar light, or to that of rays emanating from a 
sufficiently intense source of light. Amongst these come first the 

* From the Bibliotheque Universelle, yol, xvi. p. 21. 
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sulphurets of the alkaline earths, such as the sulphurets of barium, 
strontium, and calcium; the two first present a greater activity 
in the emission of light, and the third distinguishes itself by a 
greater variety in the tints. Afterwards come several kinds of 
diamonds, most of the varieties of fluoride of calcium, in parti- 
cular the variety known as chlorophane, and subsequently a 
great number of minerals and salts; for the most part, however, 
these only retain the property of emitting light for a few seconds 
—rarely a few minutes—after exposure to luminous rays, 
Amongst the list of these bodies, too, are the compounds of lime ; 
a great number of the compounds of strontia and barytes ; mag- 
nesia, soda, and potash, together with many of their compounds ; 
sal-ammoniac, succinic acid, oxalic acid, borax, &. Amongst 
the organic bodies possessing the property in question, are dried 
paper, silk, sugar, sugar of milk, teeth, &c. Although most of 
these substances were already known to possess the property of 
phosphorescence under the action of light, there still remained to 
be investigated a great many circumstances accessory to the action 
of luminous radiation, as well as the causes which are introduced 
in the preparation of artificially phosphorescent bodies in order 
to bestow upon them the property of presenting rays of different 
refrangibility. Such are some of the principal points which the 
author proposed to study, and of the importance of which there 
can be no difference of opinion ; for, as he himself remarks, “ the 
phenomenon of phosphorescence by the action of radiation, is 
one of the most curious in molecular physics; it tends to elucidate 
the manner in which luminous vibrations become modified when 
they strike different substances, thus giving rise, perhaps, to 
some of the effects upon which the colour of bodies depends.” 
After having passed in review the principal substances which 
become phosphorescent by insolation, the author resumes the 
examination of the sulphurets of calcium and barium, to which 
the name of artificial phosphors has been preeminently given. 
It had been already shown that, according to the mode of 
preparing these substances, the property of emitting different- 
coloured lights could be imparted to artificial phosphors; but 
the causes of these differences had never been specified. M. 
Becquerel having already been led to suppose that in certain 
cases the same substance might be endued with different lumi- 
nous properties according to its physical or molecular condition, 
has re-examined with great care the different modes of preparing 
these exceedingly sensitive substances. He experimented prin- 
cipally upon the different reactions by means of which the sul- 
phurets of calcium and barium are obtained; and the result at 
which he arrived was, that the tint of the phosphorescent light 
emitted by these different substances varies not only with their 
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chemical composition, but also according to certain molecular 
modifications which may be produced in substances baving the 
same chemical constitution. For instance, when phosphorescent 
sulphuret of calcium is prepared by means of carbonate of lime, 
the luminous effects which are obtained are more or less brilliant, 
and the tints are different shades of violet. If, on the other 
hand, this same substance be prepared by reducing the sulphate 
of lime with carbon, the emitted hght will vary in tint from an 
orange-yellow to a feeble violet. Other minerals, such as dia- 
mond and fluor-spar, present very great differences, not only in 
the intensity, but also in the colour of the emitted light, and 
that most probably in consequence of different molecular con- 
ditions. 

In the second part of his research, relative to the action of light 
upon phosphorescent bodies, the author first occupies himself with 
the action upon phosphorescent substances at the ordinary tem- 
perature, of rays of different refrangibilities. It was already known 
that the more refrangible rays, and particularly the violet, were 
most efficacious in giving rise to phosphorescent effects. M. 
Becquerel has shown that the solar rays which most excite phos- 
phorescence are still more refrangible than the violet rays, that 
in fact they are situated partly without the spectrum. By giving 
to each body different positions in a very concentrated spectrum, 
and for each position examining the phosphorescence which 
accompanies the action of radiation, the author has observed 
that each substance, indeed each preparation, is sensitive within 
different limits of refrangibility. The author here enters into very 
interesting details on the manver in which the several phospho- 
rescent bodies above described behave under the action of rays 
of different refrangibilities ; and he shows not only that phospho- 
rescence is developed most actively by the action of the more 
refrangible rays of the spectrum, but also that the action of the 
less refrangible rays tends, on the contrary, to diminish and even 
to destroy phosphorescence. 

M. Becquerel next treats of the duration of these phospho- 
rescent effects, and shows that the time (generally very short) 
during which phosphorescent substances can emit light im the 
dark is extremely variable, and depends upon the sensitiveness 
of the substances as well as upon their temperature. In no case 
is there any relation between the duration of the luminous effect 
and the intensity of the emitted light. Thus there are certain 
minerals, such as Arragonite, Iceland spar, and glass, which 
emit a very vivid light whose duration scarcely exceeds fifteen or 
twenty seconds; whereas chlorophane and certain diamonds, 
much less luminous than Arragonite, continue to emit light for 
upwards of an hour after isolation. The same takes place with 
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the principal phosphorescent sulphurets above mentioned. The 
author gives the results of his numerous experiments on this 
subject in the form of a Table, wherein the principal phospho- 
rescent substances are arranged according to the duration, as 
well as according to the intensity, of the light which they emit 
after insolation. To facilitate his researches, M. Becquerel in- 
vented an apparatus, the phosphoroscope, wherein bodies may be 
regarded by the experimenter immediately (a small fraction of a 
second) after the action of the light, so that the interval which 
separates the moment of observation from that of luminous action 
may be shortened to any extent, as well as measured. In this 
apparatus a great many bodies become luminous which do not 
appear to be so by the ordinary mode of experiment. By means 
of a modification introduced into such an apparatus, which per- 
mitted of its being placed in the path of solar rays refracted by 
a prism, the author was able to verify the action of the different 
rays of the spectrum upon several bodies. 

The action of the electric light on phosphorescent bodies is 
next examined. It had already been observed that the electric 
light, particularly that proceeding from the discharge of a bat- 
tery, acts energetically in rendering sensitive substances lumi- 
nous. In order the better to study the phenomena of phospho- 
rescence due to the action of the electric light, the author, by a 
new disposition of his apparatus, applied to electricity the same 
principle which served as a basis for the construction of the 
phosphoroscope. With this object in view he introduced the 
phosphorescent bodies, in fragments or in powder, into glass 
tubes 40 or 50 millims. in length and 2 or 3 centims. in dia- 
meter, from which he extracted the air up to 1 or 2 thousandths 
of pressure. Through these tubes, held horizontally, he passed 
an electric discharge proceeding from a machine, a battery, or a 
Ruhmkorff’s coil. In all cases the electric rays which traverse 
the rarefied air of the tube, and which, as is well known, present 
the violet tints of the very refrangible rays, excite the phospho- 
rescence of the bodies to the highest degree on passing very near 
their surfaces. The phosphorescent bodies not only preserve 
their luminosity for a certain time after the passage of the cur- 
rent, as if they had been exposed to the sun’s rays, but even 
during the passage itself they remain luminous in a continuous 
manner, and that with an intensity which increases with the 
energy of the electric action. It will be at once seen how well 
adapted this mode of experiment is to render perceptible the 
action of light upon bodies where the luminous impression lasts 
for a very short time, and even escapes the phosphoroscope. The 
reader will find in the original memoir curious details on this 
subject. 
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In a fourth chapter, M. Becquerel treats of the intensity and 
composition of the light emitted by phosphorescent bodies at 
different temperatures. On this subject he remarks that, when 
diffuse or solar light is used to excite the substances, the light 
emitted by phosphorescence is much less brilliant than the in- 
cident light ; but if different parts of the spectrum are operated 
with, this is not always the case; for, as already observed, the 
invisible rays beyond the violet give rise to a brilliant phospho- 
rescence. The phosphoroscope, by enabling the author to follow 
continuously the luminous emission of a body, furnished him 
with the means of studying the changes which take place in the 
intensity of the phosphorescent light when the intensity of the 
active rays varies within certain determinate limits. He found, 
in general, that the intensity of the light emitted by a body in 
virtue of its proper action, whilst remaining independent of the 
duration of insolation, is a function of the intensity of the 
exciting rays. With respect to the composition of the light 
emitted by a phosphorescent body, M. Becquerel found that 
in general it had a refrangibility less than that of the exci- 
ting rays; but in this case, as in that of the emission of rays 
by any luminous source whatever, the colour of the emitted 
light is intimately connected with the refrangibility of the 
exciting rays. It further appears that the intensity and the 
composition of the light emitted by phosphorescent bodies de- 
pend as much upon their temperature as upon their physical 
constitution. In fact the author has shown that at an elevated 
temperature a body becomes capable of emitting rays of a cer- 
tain tint whose duration and intensity are both determinate ; and 
that, on cooling to its ordinary temperature, the body in question 
is subject to the same conditions as at first. The substance 
which in this respect presents the most remarkable modifications 
is sulphuret of strontium, obtained by the reaction of sulphur 
upon strontia at a temperature above 500° or 600°. In this 
case the emitted light, which is of a violet colour at the ordinary 
temperature, becomes clear blue at 40°, greenish at 70°, green- 
ish yellow at 100°, and at length orange at about 200°, thus 
becoming more and more refrangible as the temperature increases. 
The author has collected in a Table a series of observations made 
on the differences between the tints of the hight emitted by the 
principal types of phosphorescent sulphurets raised to various 
temperatures between —20° and + 250°. 

The intensity and the duration of phosphorescence, as well as 
the refrangibility of the emitted light, vary when the bodies are 
retained at different temperatures, but they do so unequally for 
each substance. The author has proved that in general almost 
all phosphorescent substances receive a greater totality of action 
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from the exciting light, and gleam for a longer time, at lower than 
at higher temperatures. 

The following is a literal translation of the conclusions which 
M. Becquered deduces from the researches recorded in his 
memoir :— 

1. Certain bodies after being acted upon by light, and parti- 
cularly by the more refrangible rays of the same, emit luminous 
rays whose wave-length is in general greater than that of the 
exciting rays. For the first few seconds this emitted light dimi- 
nishes rapidly in intensity, and afterwards more slowly, for a time 
which varies with different bodies from a small fraction of a 
second up to several hours. Ultimately the bodies become com- 
pletely mactive, and require to be exposed anew to the light in 
order that the effect may be reproduced. 

This fact may be otherwise expressed thus: bodies manifest 
for a certain time a persistence in the impression exerted upon 
them by light, which depends upon the nature and physical 
constitution of the body. This emission of light corresponds to 
a certain totality of action received by each body, and takes place 
in obscurity, whether the body be enclosed or not. Heat merely 
accelerates the emission of light, which at a higher tempera- 
ture takes place in a shorter time, and consequently with a 
greater intensity. 

2. It has been possible to construct an apparatus, to which I 
have given the name phosphoroscope, in which the bodies ean be 
seen by an observer, and the time which intervenes between the 
moment of insolation and that of observation can be rendered as 
short as required, and also measured. In this apparatus a cer- 
tain number of bodies become luminous which are not _percep- 
tibly so by the ordinary method of experiment. 

3. The refrangibility of the light emitted by phosphorescent 
substances depends upon their molecular condition, and not 
merely upon their chemical constitution ; by employing the sul- 
phurets of the alkaline earths, it is possible with one and the 
same body to obtain an emission of light of different tints, and 
that according to the temperature to which the bodies have 
been previously submitted, and also according to the conditions 
of the combinations which, by their reaction, give rise to the 
substance whose phosphorescence is under consideration. 

4. In general, in the preparation of the sulphurets of the 
alkaline earths, called artificial phosphors, the elevation of 
temperature and the duration of the thermal action cause little 
variation in the refrangibility of the light emitted by phos- 
phorescence ; for the most part they only affect the luminous in- 
tensity of these phosphors. Amongst the few bodies which 
constitute an exception to this rule, may be mentioned the pro- 

Phil, Mag. 8, 4, No. 123. Suppl. Vol. 18. 2M 
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aa of the reaction of sulphur upon caustic strontia, and upon 
ime. 

By following the indications contained in this research, phos- 
phorescent substances may be obtained which, after solar action, 
emit much more vivid light than any before observed. 

5. The cause which produces the phenomenon of phosphor- 
escence by the insolation of a substance, is probably different from 
that whereon its crystalline state depends, and perhaps is con- 
nected with its density, or with some peculiar physical property 
not yet specified. Under some circumstances the power which 
such a substance possesses of giving an emission of light of a 
certain tint is preserved by some of its combinations. 

6. Phosphorescent sulphuret of strontium, prepared so as to 
emit light of one or the other tint, presents by diffusion in day- 
light a tint analogous to, though much more feeble than, that of 
the light emitted by phosphorescence in obscurity. This effect 
appears to indicate a disposition of molecules in the body capable 
of producing a determinate luminous effect, either through dif- 
fusion or through phosphorescence, that is, through its own 
vibrations. An action of a similar kind is observed in the salts 
of uranium. 

7. There is no relation whatever between the duration of the 
hght emitted by bodies after insolation, the intensity of the same, 
and its refrangibility ; for instance, a body may emit a feeble 
light for a long time, as in the cases of diamond and chlorophane, 
or a very vivid light for a very short time, as in the cases of Leeland 
spar, glass, nitrate of uranium, &e. 

8. One and the same body may emit rays of very different 
colours, according to the time which intervenes between the ac- 
tion of light and the moment of observation. This last result 
shows that vibrations of different velocities are preserved for un- 
equal times in different bodies: sometimes it is the vibrations 
corresponding to the less refrangible rays which continue longest, 
as in bisulphate of quinine, double cyanide of potassium and 
platinum, diamond &c.; sometimes, on the contrary, those cor- 
responding to the more refrangible rays are most durable, as in 
calcareous and Iceland spar. 

On the other hand, one and the same body may emit vibra- 
tions of the same velocity, but having unequal durations, and that 
according to the action of different parts of the luminous spec- 
trum. - Such is the effect produced upon most of the sulphurets 
of the alkaline earths. 

9. When a phosphorescent substance is maintained at a more 
or less elevated temperature and presented to the action of lumi- 
nous radiation, it may acquire the capability of emitting rays of a 
definite colour ; but on returning to the ordinary temperature it 
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regains its primitive action, Thus, between —20° and +200° 
the sulphuret of strontium of violet luminosity (prepared 
by the reaction of sulphur on strontia at a temperature above 
500°) presents temporarily and successively almost all the 
prismatic colours, with the exception of red; that is to say, it 
exhibits the same effects as those occasioned by the different pre- 
parations of sulphuret of strontium when maintained at the ordi- 
nary temperature. These temporary changes in the intensity and 
refrangibility of the hight emitted by a body, due to the influ- 
ence of heat, support our third conclusion, by showing that the 
physical condition of a body, and not merely its chemical com- 
position, produces variations in the effects of phosphorescence, 

10. In general, as already mentioned in the first conclusion, 
the refrangibility of the light emitted by phosphorescence is less 
than that of the exciting rays—or at least the wave-lengths of the 
rays which bodies emit after being subjected to the action of ra- 
diation, are greater than those of the exciting rays; nevertheless 
there are cases (the sulphuret of calcium, of indigo-blue lumino- 
sity, is one) where the wave-lengths are the same; under these cir- 
cumstances the substance vibrates in unison with the exciting rays, 

11. The time necessary for the phosphorescent excitation of 
bodies by luminous radiation is extremely short, since an electric 
spark whose duration is less than Tovevseth of a second suftices 
to occasion the phzenomenon of phosphorescence. Nevertheless, 
to obtain the maximum effect at a given temperature and under 
the influence of a given luminous intensity, it is probable that 
the time of insolation depends upon the intensity of the exciting 
rays and upon the degree of sensitiveness of the substance. 

12. The rays which emanate from a phosphorescent body pre- 
viously subjected to simple insolation have not sufficient inten- 
sity to affect thermometers, nor has it hitherto been possible to 
produce any-chemical action by their influence. 

13. Many bodies, such as glasses and certain compounds of 
uranium, owe their fluorescence entirely to the persistence of the 
luminous impression for a very short time, which does not exceed 
a few hundredths of a second as measured by the phosphoroscope ; 
the intensity of the emitted light is then very brilliant. Pos- 
sibly other fluorescent bodies, and particularly organic substances, 
present analogous effects ; but if so, the duration of the persist- 
ence of the luminous influence must be much shorter (for, with 
the phosphoroscopes I have hitherto employed, I have not been 
able to render the same perceptible), unless, indeed, in certain 
bodies the emission of light only takes place during radiation, 
At all events it is probable that phosphorescence and fluorescence 
differ from one another only in the time during whjch a luminous 
impression is preserved in bodies. 

2M2 
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14. The properties manifested by glass in general, and espe- 
cially by flint-glass, show that in optical instruments this sub- 
stance may act as a luminous source ; the rays emitted in virtue 
of this action, although of small intensity, must mix themselves 
with those transmitted through this substance. 

15. On passing electric discharges through tubes containing 
phosphorescent substances in rarefied air, very remarkable lumi- 
nous effects are produced, and that not only during, but after 
the passage of the electricity ; in this manner we are enabled to 
exhibit with great intensity the various phosphorescent phzeno- 
mena usually observed with solar light. Hence with this dis- 
position we have effects analogous to those observed in the phos- 
phoroscope, except that here the electric discharges replace the 
intermittent flashes produced by the solar light on penetrating 
the latter instrument. 

This mode of experimenting, too, is well suited to the exhi- 
bition of the luminous properties of bodies which retain the im- 
pression of light only for a short time; for the observer here 
sees the effects produced upon bodies immediately after the 
passage of each discharge, and even when the luminous impression 
of these discharges is retained for a time too short to be measured. 

These conclusions, which support the theory of undulation as 
at present admitted, prove that luminous vibrations, when trans- 
mitted to any body, or at least to a great many bodies, compel its 
molecules to vibrate for a time and with an amplitude and wave- 
length which depend not only on the chemical constitution of 
the body, but also upon its physical condition. 
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May 5, 1859.—Sir Benjamin C. Brodie, Bart., President, in 
the Chair. 


ss following communications were read :-— 
‘Propositions upon Arithmetical Progressions.” By F. Ele- 
fanti, Esq. 

The author sketches the investigation of the way of throwing 
various series of integer terms into arithmetical progressions, such as 
the sums of squares, cubes, &c. of figurate numbers, of the powers 
of a number, &e. He also gives the resolution of a given number, 
in certain cases, into an arithmetical progression. Thus, having the 
theorem that N can be resolved into an arithmetical progression 
when 16 N+1 is a square, he is enabled to detect factors in N; he 
thus shows that 2079519603 has 43 and 101 among its factors. 


Among theorems which the method gives, may be noticed the 
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following, as one of a peculiar and unstudied class. If in the series 
1, 3, 5, 7, &c. four terms be taken, and the next one omitted, then 
the four next terms taken and the next th7ee omitted, then four 
terms taken and five omitted, and so on, the four terms taken will 
in every case consist of numbers prime to one another. 


**On the Electric Properties of Insulating or Non-conducting 
Bodies.” By Professor Carlo Matteucci of Pisa. 

The object of the author in the first part of this memoir is to 
ascertain by experiment what condition is assumed by insulating or 
non-conducting bodies in the presence of an electrified body, and in 
what degree such condition is developed in insulating bodies of 
different kinds. In a memoir published nearly ten years ago (Ann. 
de Chim. et de Phys., xxvii. p. 134), he had shown that a cylinder of 
gum-lac, sulphur, stearic acid, or the like, suspended by a filament 
of silk, and brought near to a body charged with electricity, begins 
to oscillate in the same way as a cylinder of metal. The non-con- 
ducting cylinder, whilst under the influence of induction, behaves 
like any body charged with opposite electricities, and returns to its 
natural state when the induction ceases. 

These experiments have now been very carefully repeated with 
cylinders formed of various insulating substances, made as nearly as 
possible of the same length and perfectly diselectrized. The air was 
rendered perfectly dry, and the inducing ball was charged with 
electricity to a constant degree, measured by the torsion-balance. 

After giving a numerical statement of the time of oscillation and 
the moment of the induced force, as determined by experiment for 
cylinders of different insulating substances, and after describing other 
experiments intended to prove the insulating property of the ma- 
terials employed, the author goes on to observe that there is but one 
way of explaining the phenomena in question, namely, by supposing 
that the individual particles or molecules of the non-conducting 
cylinder acquire different electrical states at their opposite extremi- 
ties, and that these electrical states, while they are readily developed 
and neutralized within each particle, meet with great resistance in 
passing from one particle to another,—a condition of non-conducting 
bodies which constitutes the molecular electric polarization of 
Faraday. 

The author then gives the result of some experiments on the 
amount of electrical charge communicated to, or given out by an 
insulated conducting ball surrounded, at one time by air, at another 
time by an insulating substance, such as sulphur. 

In conclusion, the author thinks that the following propositions 
may be regarded as rigorously demonstrated by experiment :— 

1. The effects produced on insulating cylinders in the presence 
of an electrified body, depend on the state of molecular electric 
polarity which that body developes in the cylinders; and thus the 
hypothesis of Faraday is directly demonstrated by experiment. 

2. Other circumstances being alike, the insulating power of a 
substance is greater in proportion as its degree of polarization is 
weaker. 
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3. The electric capacity of a conducting body—that is, the quan- 
tity of electricity which it acquires when placed in communication 
with a source of electricity—is much greater when the body is 
surrounded with sulphur, or some other solid isolating substance, 
than when surrounded by air. Similarly, the body being electrified 
from the same source and then surrounded with sulphur, or else 
surrounded with air, afterwards yields to the same conductor much 
less electricity in the former case than in the latter. 

4, The effects produced by insulating plates interposed between 
the armatures of a Leyden jar or of a magic square are explained, 
together with the phenomena previously described, both by the 
penetration of the electricity into the interior of the insulating sub- 
stance, and the propagation of electricity along the surface of the 
plates. 


On the Synthesis of Acetic Acid.’ By J. A. Wanklyn, Esq. 

I have elsewhere* shown that a salt of propionic acid results 
when carbonic acid is brought into contact with a compound consist- 
ing of ethyle and an alkali-metal. Guided by a well-known principle, 
I also inferred that an analogous reaction is common to the whole 
vinic series. 

Believing, however, that it was desirable to investigate other mem- 
bers of the series, I have since undertaken the case of the corre- 
sponding methyle-compound, and find that it fully bears out the law, 
as will be manifest from the following details. 

Some sodium-methyle in mixture with zine-methyle, zinc, sodium, 
and ether was obtained by acting with sodium upon a strong ethereal 
solution of zine-methyle. The product so obtained was divided into 
two portions—one of which was exposed to the action of a current 
of dry carbonic acid, and the other reserved for comparison. 

During the transmission of carbonic acid, the sodium-methyle 
became hot. After the completion of the reaction, the resulting 
solid was treated with a little mercury, in order to convert any free 
sodium into an amalgam, which would not decompose water with too 
great violence. 

Subsequent distillation of the product, with excess of dilute sul- 
phuric acid, yielded a distillate having most distinctly the smell and 
taste of acetic acid. This acid distillate was redistilled, when it 
proved to be free from sulphuric acid. 

Some of it was converted into a silver-salt by digestion with oxide 
of silver. This silver-salt was dissolved in hot water, filtered hot, 
and allowed to crystallize on cooling. An abundant crop of crystals 
separated, which was drained from the mother-liquor, the employ- 
ment of a filter being avoided. The crystals were afterwards dried 
in vacuo over sulphuric acid until they no longer lost weight. 

Determinations of silver were made by ignition, the resulting silver 
being reheated and reweighed until it remained constant. 

I. *0894 gramme of the salt gave ‘0580 gramme of metallic silver. 

II. 1597 gramme of the salt gave *1022 gramme of metallic silver. 


* See Quarterly Journal of the Chemical Society, July 1858, page 130. 
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Comparison of these results with the composition of acetate of 
silver gives as follows :— 


Calculated. Found. 
a : 
IL Il. 
Per-centage of Silver...... 64°67 64°88 64:00 


which leaves no doubt as to the presence of acetic acid. 

Still further proof of the same was obtained by converting a little 
of the acid into a soda-salt, and heating it with arsenious acid. 
Abundance of kakodyle was evolved. 

In order to remove any doubt which might exist as to the 
source of this acetic acid, and to show that it did not arise from 
oxidation of the ether which accompanied the sodium-methyle, I 
operated upon some of the original sample which had never been 
exposed to carbonic acid, and which, as previously mentioned, had 
been laid aside for comparison. 

I mixed it with a little mercury, distilled with excess of dilute 
sulphuric acid, and digested the redistilled distillate with oxide of 
silver, using the same samples of acid and of oxide of silver as in 
the former experiment. 

The distillate neither smelt like acetic acid, nor yielded acetate of 
silver on spontaneous evaporation to dryness ix vacuo of its product 
with oxide of silver. Neither could kakodyle be obtained on heating 
its soda-residue with arsenious acid. 

From all which, it is evident that the acetic acid obtained must 
have been the product of the action of carbonic acid. The following 
conclusion is, therefore, established :— 

Dry carbonic acid is decomposed by sodium-methyle with evolution 
of heat, and production of acetate of soda. 

Sodium-methyle. Acetate of soda. 


pics WARE a. Boh 

C,0,+NaC, H,=0,0,C, H, | 6 
Na jf ~* 

I hope also to be able to present shortly an account of the action 

of carbonic acid on one of the higher compounds of the alkali- 
metals—most probably on potassium or sodium-amyle, 


May 12.—Sir Benjamin C, Brodie, Bart., President, in the Chair. 


The following communications were read :— 

“On the Resistance of Glass Globes and Cylinders to collapse 
from external pressure, and on the Tensile and Compressive Strength 
of various kinds of Glass.”? By William Fairbairn, Esq., C.E., F.R.S., 
and T. Tate, Esq., F.R.A.S. 

The researches contained in this paper are in continuation of those 
upon the Resistance of Wrought-Iron Tubes to collapse, which 
have been published in the ‘ Philosophical Transactions” for 1858. 
The results arrived at in those experiments were so important as 
to suggest further inquiry under the same conditions of rupture 
with other materials; and glass was selected, not only as aga 
widely in its physical properties from wrought iron, and hence well 
fitted to extend our knowledge of the laws of collapse, but because 
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our acquaintance with its strength in the various forms in which it 
is employed in the arts and in scientific research is very limited. 
To arrive at satisfactory conclusions, the experiments on this mate- 
rial were extended so as to embrace the direct tenacity, the resist- 
ance to compression, and the resistance to bursting, as well as the 
resistance to collapse. 

The glass experimented upon was of three kinds :— 


Specific gravity. 
Best flint-glass............ 3°0782 
Common green glass...... 2°5284 


Extra white crown-glass.... 2°4504 


Tenacity of Glass —For reasons detailed by the authors, the ex- 
periments upon the direct tenacity of glass made by tearing speci- 
mens asunder are less satisfactory than those in the rest of the 
paper ; and it is argued that more reliance is to be placed upon the 
tenacity deduced from the experiments on the resistance of globes 
to bursting in which water-pressure was employed, than upon the 
tenacity obtained directly by tearing specimens asunder. The 
results obtained by the latter method give the following mean 


results :— Tenacity per square inch - 
in pounds, 
PRE AIAe an acy a ame 2413 
GREEN BIAES on vicisi'e «6 sie, 2090 
Crew CLSS si eee aor ss 2346 


Resistance of Glass to Crushing.—The experiments in this section 
were made upon small cylinders and cubes of glass crushed between 
parallel steel surfaces by means of a lever. The cylinders were cut 
of the required length from rods drawn to the. required diameter, 
when molten, and then annealed, in this way retaining the exterior 
and first cooled skin of glass. The cubes were cut from much 
larger portions, and were in consequence probably in a less perfect 
condition as regards annealing. Hence, as might have been antici- 
pated, the results upon the two classes of specimens, although con- 
sistent in each case, differ widely from one another. 

The mean compressive resistance of the cylinders, varying in 
height from 1 to 2 inches, and about 0°75 inch in diameter, 1s given 
in the following Table :— 


Height Mean Mean 
Description of glass. juin ae crushing weight per sq. in. | crushing weight per sq. in. 
in inches. | jin pounds. in tons. in pounds. in tons. 
1 29,168 13°021 
Flint-glass ...... | 15 20,775 9:274 } 27,582 12'313 
2°0 32,803 14°644 
1 22,583 10°081 
Green glass ... 15 35,029 15°628 fours 14°227 
2°0 38,105 16:971 
10 23,181 10°348 


Crown-glass | } 31,003 13-840 


15 38,825 17332 
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The specimens were crushed almost to powder by the violence of 
the concussion ; it appeared, however, that the fracture occurred in 
vertical planes, splitting up the specimen in all directions. Cracks 
were noticed to form some time before the specimen finally gave 
way; then these rapidly increased in number, splitting the glass 
into innumerable prisms, which finally bent or broke, and the 
specimen was destroyed. 

The following Table gives the results of the experiments upon the 
cut cubes of glass :— 


Mean resistance to crushing 
SE eae 


in pounds, in tons, 
Flint-glass ...... oo} 13,130 6°861 
Green glass ......| 20,206 9°010 
Crown-glass ...... 21,867 9°762 


Hence, comparing the results on cylinders with those on cubes, we 
find a mean superiority in the former case in the ratio of 1°6: 1, 
due to the more perfect annealing of the glass. 

On the Resistance of Glass Globes to internal pressure.—In these 
experiments the tenacity of glass is obtained by a method free from 
the objections to that before detailed. Glass globes, easily obtained 
of the requisite sizes, in a nearly spherical form, were subjected to 
an internal pressure obtained by means of a hydraulic pump, uni- 
formly and steadily increased till the globe gave way. ‘The lines of 
fracture radiated in every direction from the weakest part, passing 
round the globe as meridians of longitude and splitting it up into 
thin bands, varying from ;,th to 1th of an inch in breadth. 

The following Table gives the results of the experiments on the 
resistance of glass globes to internal pressure :— 


Description of glass. Diameters, Thickness, bis ah 
Inches. Inches, Pounds. 
f 4:0 x3°'98 0-024 84 
40 x3'98 0-025 93 
Z | 40 0:038 150 
Flint-glass ...... 45 X45B 0-056 280 
51 X512 0°058 184 
l 6:0 0-059 152 
“495x500 | 0-022 90 
Green glass...... Benn. sas a 
40 «4:05 0-018 84 
40 «4:03 0-016 82 
4:2 4:35 0°025 120 
4°05 X 4°2 0°021 126 


Crown-glass ... 


59 X58 0-016 69 
60 x63 0°020 86 
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The formula which expresses the relation of the bursting pressure 
to the thickness and diameter of the globe, is— 


aT 
where a = the longitudinal sectional area of the material in square 
inches, that is in the line of rupture or line of minimum strength ; 
A = the longitudinal sectional area of the globe in square inches ; 
and T= the tenacity of the glass in pounds per square inch. 
Hence from the above experiments we deduce— 


Pounds. > 
T=4200 for flint-glass, 
=4800 for green glass, 
=6000 for crown-glass. 
5000=mean tenacity of glass. 


Here the mean tenacity is nearly twice that obtained in the experi- 
ments upon thick bars; a result, which perhaps corresponds with the 
difference between the crushing strength of cylinders and cubes, and 
is largely attributable to the condition of annealing. 

On the Resistance of Glass Globes and Cylinders to an external 
pressure.—The manner of conducting these experiments did not 
differ in any essential detail from that pursued in the experiments 
upon wrought iron. The globes and cylinders, after having been 
hermetically sealed in the blowpipe flame, were fixed in a wrought- 
iron boiler communicating with a hydraulic pump. In this position 
an increasing pressure was applied until the globes broke, the 
amount of pressure at the time being noted by means of a Schiffer 
pressure-gauge. During the collapse the globes were reduced to 
the smallest fragments, so that no indication of the direction of the 
primary lines of fracture could be discovered. 

The following Table contains a summary of the results on glass 
globes subjected to an external pressure :— 


Description of glass. | Diameters. Thickness. ete rt ee © 
aie Inches. Pounds. 
(| 5°05x 4-76 0°014 292 
| 5°08 x 4:7 0-018 410 
|| 495x4:72 0-022 470 
| 5°6 0:020 475 
‘ 8°22 7-45 0-010 35 
Flint-glass ...... 4 82 x72 0-012 45 
8:2 x74 0015 60 
4:0 xX3-98 0:024 (900*) 
H 4:0 0:025 (900*) 
L 6:0 0-059 (1000*) 
Green glass ...... 50x 5°02 0°0125 212 


* These globes remained unbroken. 
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The following Table contains a similar summary of the results 
upon cylindrical vessels :— 


Description of glass.| Diameters. Length. Thickness. Rascal erie, 
Inches, Inches. Inches. Pounds. 
3°09 14:0 0°024 85 
3°08 14:0 0:032 103 
3°25 14:0 0-042 175 
| 4:05 70 0034 202 
Flint-glass ... 4°05 70 0046 380 
4:06 138 0043 180 
4:02 13°8 0°064 297 
398 14:0 0:076 382 
4:05 70 0:079 (500 f) 


The paper includes an investigation of the laws of collapse as 
exhibited in these results, and the following general formule are 
obtained :— 


For glass globes........ P= 28,300,000 x = 

For glass cylinders 1p 740,000 te 
or glas i a a " ’ 
8 y . * D.L 


where P= the collapsing pressure in pounds per square inch; 
k& = thickness in inches; D and L = diameter and length re- 
spectively in inches. 

These are the general formuiz for glass vessels subjected to an 
external pressure, and the latter is precisely similar to that found 
for sheet-iron cylinders. 

Transverse Strength of Glass.——The authors derive the general 
formula 


W=3140 x aes 


where W = breaking weight in pounds, K = area of transverse sec- 
tion, D = depth of section, 7 = length between supports ;—to express 
the transverse strength of a rectangular bar of glass supported at 
the ends and loaded at the middle, 


“On the Atomic Weight of Graphite.’” By Benjamin C. Brodie, 
Esq., F.R.S., Pres. C.S., Professor of Chemistry in the University 
of Oxford, 

In this paper the author arrives at the following results :—That 
carbon in the form of graphite forms a system of peculiar com- 
pounds, different from any compounds of carbon yet known, and 
capable of being procured only from graphite. That graphite, 
within certain limits, functions as a distinct element, capable indeed 
of being converted by certain processes of oxidation into carbonic 


tT Remained unbroken. 
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acid and thus identified with the other forms of carbon, but having 
a distinct atomic weight, namely 33 (H=1). 

After the detail of certain experiments by which the author was 
led to believe in the existence of a distinct system of compounds of 
graphite, an account is given of a peculiar crystalline substance 
formed by the prolonged oxidation of graphite. This substance 
consists of transparent plates of a pale yellow colour, which exhibit 
under the microscope an appearance distinctly crystalline. The ana- 
lysis of this substance gave for its formula C,, H,O, (C=12, O=16). 
From the ratio of the hydrogen to the oxygen in this substance, 
from the circumstance that it is procured from graphite alone, and 
from its general physical properties, it is inferred that this substance 
is the term in the system of graphite which corresponds to the 
compound of silicon, oxygen and hydrogen, in the system of silicon, 
procured by Wohler from the graphitoidal form of that element, 
and to which Wohler has assigned the formula Si, H,O, (Si=21). 
If it be assumed that this conclusion is correct, the further in- 
ference is that the bodies are similarly constituted. On this hy- 
pothesis, to arrive at the atomic weight of graphite, the total 
weight of carbon, 132, is to be divided by 4, which gives the 
number 33; and for the formula of the body, putting Gr=33, we 
have Gr, H,O,. 

This conclusion is confirmed in a remarkable manner by the spe- 
cific heat of graphite. The specific heat of the elemental bodies 
varies inversely with their atomic weight. This law is so well 
established, that Regnault has even proposed to determine the 
atomic weight by it exclusively. There are, at any rate, only two 
numbers which can be assigned as the product of the specific heat 
into the atomic weight of the elemental bodies, namely, approxi- 
mately the numbers 3°3 and 6°6. But to this law there is one sin- 
gular exception. Carbon in all its forms is anomalous. The specific 
heats of diamond, graphite, and wood-charcoal are each different, 
and taking the atomic weight of carbon as 6 or 12, no one is accord- 
ant with the law. ‘The specific heat of graphite is 0°20187. Now, 
taking the atomic weight of graphite as 33, we have 33 X*201=6°63, 
a result in accordance with the law. The inference is, that the asser- 
tion that 33 is the atomic weight of graphite is not only a convenient 
expression of chemical analysis, but corresponds to a physical fact. 


May 19.—Major-General Sabine, R.A., Treas. and V.P., in the Chair. 


The following communications were read :— 

““On the Specific Gravity of Alloys.” By A. Matthiessen, Ph.D. 

Before commencing a research into the electric conductivity of 
alloys, the author deemed it requisite, as a preliminary step, to 
determine their specific gravities ; and the methods employed and 
results obtained in this inquiry are given in the present paper. 

The metals used were antimony, tin, cadmium, bismuth, silver, 
lead, mercury, and gold. The silver and gold were obtained in a 
state of purity from the refiners, the other metals were purified by 
methods which are described. The quantity prepared of each alloy 
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was twenty grammes. The fused alloys were cast in a form and 
very thin, to avoid internal cavities from crystallization. Three 
separate determinations were made of their specific gravity, which, to- 
gether with the mean result, are given in Tables. In every case the 
alloy was recast at least three times before the first determination, and 
once again before each succeeding one. The distilled water used 
in the weighing was first boiled and allowed to cool in vacuo, and 
the alloys were suspended in it by a fine platinum wire, except the 
soft amalgams, which were weighed in a tube similarly suspended. 
In calculating the specific gravities, the weight of water displaced 
was corrected for the temperature, the unit in all cases being distilled 
water at 0° C. All the weighings were reduced to a vacuum, and 
a correction was made for the platinum wire which dipped in the 
water. 

The numerical results are stated in three Tables, of which the first 
gives the specific gravities of the pure metals employed, and the 
temperature in Centigrade degrees; the second gives the same of 
the alloys; and the third exhibits the mean specific gravities found, 
and the specific gravities as calculated,—1, from the volume of the 
metals forming the alloy; 2, from their equivalent; and 3, from 
their weight. 

From the last Table it appears that the alloys of antimony are 
greater in volume than the aggregate of the constituent metals, while 
those of bismuth, silver, and gold are less. The following alloys ex- 
pand greatly on cooling, viz. all those of bismuth-antimony, bismuth- 
gold, and bismuth-silver, which were experimented on; those of 
bismuth-tin, from Bi, Sn to Bi, Sn, the rest of the series very slightly ; 
and bismuth-lead, viz. Bi, Pb and Bi, Pb (Bi, Pb slightly), the rest 
apparently not at all. Of the bismuth-cadmium series, Bi, Cd and 
Bi Cd, expand very slightly, the rest not at all. The zinc-alloys are 
all so very crystalline that no results of value were obtained re- 
specting them. 


On the Conductivity of Mercury and Amalgams.” By F. Crace 
Calvert, Esq., and R. Johnson, Esq. 

The object of the researches described in this paper, was to carry 
out with reference to amalgams the investigations relative to alloys 
contained in a former paper. In comparing the results of theory 
and experiment in the manner followed in the former paper, the 
conducting power of mercury itself was a constant, which it was 
essential to know. The figure given in the former paper was 
mercury =677, on the scale silver=1000. On adopting in the first 
instance this value of the conducting power of mercury, the results 
obtained with alloys, which consisted mainly of mercury, appeared 
very anomalous ; it seemed as if a very small per-centage of even the 
best conducting metals reduced immensely the conducting power of 
mercury. But it was suggested to the authors, that the apparently 
high conducting power of mercury obtained by their method, was 
probably due to the transference of heat by convection; that the 
real conducting power of mercury for heat was.low, like its conduct- 
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ing power for electricity ; that the other metal, contained in small 
quantity in the amalgam, acted by rendering the amalgam viscous, 
and thereby interfering with the transference of heat by convection, 
and that the low conducting power of mercury would show itself on 
merely inclining the vessel used in the experiment, so that the box 
containing the warm water should be higher than the other. Ex- 
periment confirmed this view. As the apparent conducting power 
of mercury was found continually to decrease with an increase in the 
inclination of the vessel, it was found necessary, in order to obtain 
correct results, to arrange so that the bar-shaped box containing the 
mercury or fluid amalgam was actually vertical in the experiment. 
In this way the authors obtained for mercury the figure 54, on the 
same scale as before. It is worthy of remark, that mercury comes 
out the worst conductor of all the metals tried, the figure for 
bismuth, which had previously been the lowest, being 61. This is 
in analogy with water, also a fluid, the conducting power of which 
is known to be excessively low. The conducting power of the more 
fluid amalgams determined by experiment with the box vertical, 
proved to be in all cases nearly the same as that of pure mercury, 
in conformity with the law mentioned by the authors in their former 
paper, that ‘alloys in which there is an excess of the number of 
equivalents of the worse conducting metal, over the number of 
equivalents of the better conductor, do not sensibly differ in con- 
ducting power from the worse conductor alone. In the case of 
amalgams generally, the conducting power obtained by experiment 
was found to agree pretty closely with the number ealculated from 
the per-centages and conducting powers of the component metals. 

In conclusion, the authors give some further experiments on the 
conduction of heat by compound bars, formed of metals placed in 
‘some cases end to end in alternate cubes, in other cases side by side 
in parallel bars, extending the whole length of the compound bar. 
Among bars of the latter kind, it was found that it was only in the 
case of bismuth and antimony that the compound bar conducted heat 
according to the calculated amount. 
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ON A SIMPLE APPARATUS FOR OBSERVING ATMOSPHERIC ELEC- 
TRICITY. BY PROF. W. THOMSON, F.R.S.* 


I HAVE avery simple ‘domestic’ apparatus by which I can observe 
atmospheric electricity in an easy way. It consists merely of an 
insulated can of water to set on a table or window-sill inside, and 
discharge by a small pipe through a fine nozzle 2 or 3 feet 
from the wall. With only about 10 inches head of water and a 
discharge so slow as to give no trouble in replenishing the can with 
water, the atmospheric effect is collected so quickly that any differ- 
ence of potentials between the insulated conductor and the air at the 
place where the stream from the nozzle breaks into drops is done 


* Extract of a letter to Dr. Joule. 
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away with in my apparatus at the rate of five per cent. per half 
second, or even faster. Hence a very moderate degree of insulation 
is sensibly as good as perfect, so far as observing the atmospheric 
effect is concerned. Itis easy, by my plan of drying the atmosphere 
round the insulating stems by means of pumice-stone moistened 
with sulphuric acid, to ensure a degree of insulation in all weathers, 
by which not more than five per cent. per minute will be lost by it 
from the atmospheric apparatus at any time*. A little attention, to 
keep the outer part of the conductor clear of spider lines, is necessary. 
The apparatus I employed at Invercloy stood on a table beside a 
window on the second floor, which was kept open about an inch to 
let the discharging tube project out without coming in contact with 
the frame. The nozzle was only about 23 feet from the wall, and 
nearly on a level with the window-sill. The divided ring electro- 
meter stood on the table beside it, and acted in a very satisfactory 
way (as I had supplied it with a Leyden phial consisting of a 
common thin white glass shade, which insulated remarkably well, 
instead of the German glass jar—the second of the kind which I had 
tried, and which would not hold its charge for half a day). 

I found from 134° to 14° of torsion required to bring the index 
to zero when urged aside by the electromotive force of ten zinc- 
copper water-cells. ‘The Leyden phial held so well, that the sensi- 
bility of the electrometer measured in that way did not fall more 
than from 134° to 134° in three days. 

The atmospheric effect ranged from 30° to above 420° during 
the four days which I had to test it; that is to say, the electromotive 
force per foot of air, measured horizontally from the side of the house, 
was from 9 to 126 zinc-copper water-cells. ‘The weather was almost 
perfectly settled, either calm, or with slight east wind, and in general 
an easterly haze in the air. The electrometer twice within half an 
hour went above 420°, there being at the time a fresh temporary 
breeze from the east. What I had previously observed regarding 
the effect of east wind was amply confirmed. Invariably the electro- 
meter showed very high positive in fine weather, before and during 
east wind. It generally rose very much, shortly before a slight puff 
of wind from that quarter, and continued high till the breeze would 
begin to abate. I never once observed the electrometer going up 
unusually high during fair weather without east wind following 
immediately. One evening in August I did not perceive the east 
wind at all when warned by the electrometer to expect it; but I 
took the precaution of bringing my boat up to a safe part of the 
beach, and immediately found, by waves coming in, that the east 
wind must be blowing a short distance out at sea, although it did 
not get so far as the shore. 

I made a slight commencement of the electro-geodesy which I 
pointed out as desirable at the British Association, and in the course 
of two days, namely, October 10th and 11th, got some very decided 


* In reality, when good glass stems are used, there need not be more 
than 5 per cent. per hour of loss by imperfect insulation. 
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results. Macfarlane, and one of my former laboratory and Aga- 
memnon assistants, Russel, came down to Arran for the purpose. 
Mr, Russel and I went up Goatfell on the 10th inst. with the port- 
able electrometer and made observations, while Mr. Macfarlane 
remained at Invercloy, constantly observing and recording the in- 
dications of the house electrometer. On the 11th inst. the same 
process, of observing simultaneously at the house and at one or other 
of several stations on the way up Goatfell, was continued. I have 
not yet reduced all the observations, but I see enough to leave no 
doubt whatever that cloudless masses of air at no great distance from 
the earth, certainly not more than a mile or two, influence the elec- 
trometer largely by the electricity which they carry. This I conclude 
because I find no constancy in the relation between the simultaneous 
electrometric indications at the different stations. Between the 
house and the nearest station the relative variation was least. 
Between the house and a station about halfway up Goatfell, at a 
distance estimated at two miles and a half in a right line, the number 
expressing the ratio varied from about 113 to 360 in the course of 
about three hours. On two different mornings the ratio of house 
to a station about sixty yards distant on the road beside the sea was 
97 and 96 respectively. On the afternoon of the 4th inst., during 
a fresh temporary breeze of east wind, blowing up a little spray as 
far as the road station, most of which would fall short of the house, 
the ratio was 108 in favour of the house electrometer—both stand- 
ing at the time very high—the house about 350°. I have no doubt 
that this was owing to the negative electricity carried by the spray 
from the sea, which would diminish relatively the indications of the 
road electrometer.—Proceedings of the Literary and Philosophical 
Society of Manchester, October 18, 1859. 


ON THE SUPPOSED ACID REACTION OF MUSCULAR FIBRE, 
BY E. DU BOIS-REYMOND. 


Since the investigation of Berzelius in 1807 an acid reaction has 
been ascribed to muscular fibre, and chemists have only disagreed as 
to the nature of the acid contained in the muscles. Most authors 
attribute the acidity of the muscles to lactic acid, or at least to acid 
lactates of the alkalies. Liebig, who supposes that there exists in the 
muscles a quantity of lactic acid sufficient to neutralize all the alka- 
line bases of the blood, even thinks that it may be assumed that the 
so-called muscular current results simply from the electro-chemical 
action of this acid upon the bases of the blood and lymph, through 
the sarcolemma and the walls of the vessels. 

Notwithstanding the unanimity which has prevailed for half a 
century amongst chemists and physiologists as to the acid character 
of the muscular fibre, the recent investigations of M. du Bois-Rey- 
mond show beyond a doubt that this acidity is null in the normal 
state. He proves that the acid which has hitherto engaged the 
attention of chemists, is only developed in the muscles at the moment 
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when putrefaction is set up. There is only a single case in which 
muscular fibre, still endowed with all its vital properties, presents an 
acid reaction, namely when it has just passed through a phase of 
prolonged activity. 

As early as 1842, M. du Bois-Reymond ascertained that an arti- 
ficial transverse section of perfectly fresh muscles did not redden 
litmus-paper ; however, as he was previously convinced from other 
researches that the electro-chemical antagonism of the transverse 
and longitudinal sections cannot be the cause of the muscular cur- 
rent, and as he did not dream of suspecting the accuracy of the 
observations of chemists, he assumed that the supposed acid liquid 
of the transverse section had been neutralized by the alkaline liquid 
issuing from the blood-vessels and lymphatic ducts. Subsequently 
M. du Bois-Reymond had the opportunity of observing that the 
artificial transverse section of the muscle of a frog has a chemical 
action, in course of time, upon the substance of another muscle, and 
consequently acts upon it as a destructive agent of the parelectro- 
nomic layer. It is a remarkable fact that the longitudinal, artificial 
or natural section of muscle is incapable of acting in this manner. 
The muscular fibres must therefore contain a liquid capable of acting 
upon the contents of those fibres, which is a contradiction, or a 
liquid capable of attacking the fibres is formed, in course of time, at 
the surface of transverse artificial sections. Experiment soon de- 
monstrated the correctness of the latter supposition. In fact, the more 
recent the transverse section, the less intense is the corrosive action. 
This action was found to result from the formation of an acid. 

From his numerous experiments upon animal electricity, M. du 
Bois-Reymond. knew that the superficial layer of the transverse sec- 
tion loses its vital properties very rapidly. Thus he was very natu- 
rally led to think that the acid is only set at liberty in the muscular 
substance after the death of the latter. A long series of experiments 
proved that this supposition was perfectly correct. When the trans- 
verse section of a muscle has become acid, a new section with a neu- 
tral reaction may be obtained by the removal of the superficial layer. 
When this new section becomes acid in its turn, a new neutral sec- 
tion may be obtained by its removal, and so on. It is only from the 
moment when the rigor mortis is set up, and all the vital properties 
are extinct, that all the transverse sections of the muscles present an 
acid reaction. The longitudinal sections, however, still give an 
alkaline reaction. Subsequently the alkalies which were contained 
in the muscle are entirely neutralized by the acid, and every point 
of the muscular mass reddens litmus-paper. By degrees putrefac- 
tion comes on, but the result of this putrefaction is the formation 
of carbonate of ammonia, so that soon the acid reaction disappears, 
and gives place to an alkaline reaction. It is therefore evident that 
the acidity of the muscles, which has occupied so much of the atten- 
tion of chemists, caly dates from the moment of the establishment 
of the rigor mortis. 

It may be thought that the muscular acidity is the result of an 
oxidation. M. du Bois-Reymond shows that in every case there is 
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no oxidation due to the action of the atmosphere, for the same things 
occur in operating under a bath of mercury or oil. 

Recent experiments made by M. Kiihne in M. du Bois-Reymond’s 
laboratory, show that the opinion put forward by Briicke as to 
the cause of the rigor mortis is perfectly well founded. It appears 
that this rigidity is the result of a spontaneous coagulation of a pro- 
teine substance which is contained in the muscles, but of which it is 
impossible to say whether it is identical with the muscular fibrine of 
Liebig, or with the syntonine of Lehmann. The question may there- 
fore be raised, whether there is any causal relation between the 
phenomenon of the coagulation of this substance and the formation 
of acid in the muscles. It does not appear, however, that there is 
any necessary relation between these two phenomena. In fact M. du 
Bois-Reymond shows that heat may cause the coagulation of the 
muscular substance, that is to say rigidity, without producing acidity. 

The investigations of which the preceding is an analysis, were 
directed to the striated muscles. M. du Bois-Reymond has extended 
his studies to the non-striated muscles, and has arrived at the sur- 
prising result that these fibres pass from life to death, and lastly 
become decomposed, without passing through any acid phase ; their 
reaction is always alkaline. 

M. du Bois-Reymond lastly set himself to prove that the effect of 
the prolonged activity of a muscle is to set acid at liberty in its 
interior. With this view he irritated in succession by galvanism all 
the parts of the nervous system of a frog, from the spinal cord to the 
muscles of the leg, and continued the irritation until the effects ceased. 
It may certainly be objected that the acid which is produced during 
this tetanization may result from electrolytic actions induced by the 
voltaic current in the muscular substance ; but the author has found 
a mode of operation which places his results out of the reach of 
this objection. He has also varied his experiments so as to keep 
the animal alive during the operation. In operating upon rabbits, 
he has even succeeded in demonstrating the correctness of his theory 
without having recourse to galvanism. For this purpose he cuts 
the sciatic nerve on one side only, and then poisons the animal with 
strychnine. The rabbit dies in a state of general tetanus, in which 
the muscles of the leg operated upon alone take no part. If the 
muscles of the two hind legs be then cut transversely, an acid 
reaction is detected in the tetanized leg, whilst those of the leg 
operated upon present no reaction. 

The heart, notwithstanding its constant activity, presents the same 
reactions as the other muscles, except that it becomes acid rather 
more rapidly after death. 

The fact that tetanus is attended by a production of acid in the 
muscles, proves, moreover, that the acidity of the muscles is not 
necessarily accumpanied by rigor mortis. 

M. du Bois-Reymond is inclined to regard the acid of the muscles 
as a lactic acid.— Bibl. de Geneve, 1859, Bull, Scient. p. 70. 
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